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Preface 


There is no reliable single source of information available to which one 
can turn to learn all the details of operation involved in making each of 
the many different types of leather and the fundamental principles under- 
lying each operation, although the demand for such a source of information 
is tremendous. This is not surprising when one considers that the raw 
materials used by the tanner are among the most complex known to science, 
and that many of the chemical reactions occurring in the making of leather 
still baffle the minds of the best chemists of our time. 

Although the leather industry has sometimes been looked upon in financial 
circles as backward because of its difficulties in operating profitably, actually 
it has been making real progress in scientific procedure. When the history 
of progress is written, it will be found that the leather industry ranks high 
in its fundamental contributions to knowledge. 

At intervals in the course of progress, opportunities are afforded one who 
has the time and interest to pause and portray the new and higher level 
reached by the industry and thus to provide a source of information a little 
closer to the ideal source so much in demand. The writing of this book was 
undertaken as the result of such an opportunity, and the writer hopes that it 
will fill a real need witliin the industry as well as provide interesting and 
instructive reading to those not actively engaged in making leather. 

The procedures for making some types of leather are given in minute detail 
so as to illustrate the fundamental principles involved in making all types of 
leather. Similar detailed descriptions were not possible for every type of 
leatlier because of lack of information or availal)le space in the l)ook. How- 
ever, it is believed that the fundamental principles have l)een sufficiently well 
covered to assist an experienced tanner to work out for himself the details of 
operation necessary to make any of the more important types of leather in 
common use. 

Au attempt has been made in writing tin's book to ai)i)ortion space to each 
subject in proportion to its importance and interest to the tanner, and to pre- 
sent what might be considered the minimum tliat a tanner should know to 
carry on his business successfully in modern times. Tt is valuable for a tanner 
to become familiar with the microstructurc, composition and ftinctions of the 
living skin and with the structure and physical proi)erties or cliaractcristics 
of leather and tlieir dependence upon chemical composition and the various 
mechanical operations to whicli hides and skins are snl)jected in the course of 
their manufacture into leather. 

A tanner slionld know something of the world-wide sources and avail- 
ability of hides, skins and the various other materials necessary for leather 
manufacture and the government regulations pertaining to im|)orts. It is 
important to be familiar with the types of damage to which hides and skins 
are liable, botli on tlie living animal and after the slaughter. It is useful to 
know all the many operations involved in preparing hides and skins for 
delivery to the tannery and to be familiar with the hide market, the hide 
exchange and the principles of hedging. 
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Ft is essential for a tanner to understand the operations use<l in ('onetniin^' 
raw hides and skins into finished leather and the eheet ot each opcM'ation ipion 
the properties, of the finished leather. To he really sneec'ssful, he nmst learn 
how to choose the raw stock best suited to make any ^i^'iveii kind oi leather, 
and how to reg'ulatc its characteristics hy appropriate adjustments ol the 
chemical and mechanical work done on it. 

The value of leather in service lies only in its properties, and what the 
tanner has to sell is essentially only the properties of his leather, lie shonhl, 
therefore, learn to know his leather hy its properties and to offer it only in 
terms of the suitability of its properties for any service that it nmst render. 

Of all these thing's that a tanner should know, there is a minimum wilhotd 
which he might not be expected to continue indefinitely to oj)t‘rat(‘ succ<*ss 
fully. As his knowledge grows beyond this minimum, he should be able to 
compete more and more successfully against tanners liaving less knowledge. 
The object of this book is to provide him with this minimtmi, in case he d<H*s 
not already possess it, and to indicate to him sonu‘ of tin* simple ways in whii'h 
he can increase his knowledge beyond it. 

Although the operations of the tannery constitute a series of t‘xtia*mely 
complex chemical reactions and applications of physics tH|ually complc^x, ft*w 
practical tanners are versed in the fundanumtals of tdtlier clnmnstry or 
physics. It thus becomes neces.sary to its widest field of tisefulm^ss that a 
book of this kind be written entirely in nom-technical language. An attempt has biarn 
made to write this liook in such manner that every portion of it ean ht* rt‘ad 
hy anyone of average intelligence without the aid of a higher education. 

Full use has been made of the writer’s earlier vohmuw of “Idle riiemistry 
of Leather Manufacture” in .selection of material of practical vahu*, simplifying 
the language and Indnging it up to date, d'his hook also contains much iun\ 
material that has never liefore ajipeared in print. In a<ldilion, such othm' 
material has been included from many sources as to mak<* up the minimum 
that a tanner should know on all phases of tlu‘ business of making hsather. 
In following tliis plan, it has been the hope of tin* writ(u‘ that the hook will 
prove interesting and instructive to everyom* with auy curiosity about leatlnu* 
and animal skin. 

A glossary of terms is included to explain the meaning tif words belonging 
peculiarly to the Ieatlu‘r and allied industries, tra<le names of materials, and 
.scientific terms. It lias not been considered iiraetical to attempt to list th»^ 
names of manufacturers of materials purchased by the leathiu* industry, 
although the names of some maiuifaeturers are given in parentheses after 
references to their products in detailed proetalures. 'flu* pnhlislnu’s of this 
hook also publish the *L'hcnnral Enc/inccriiuj (a/d/m/”; if it is desired to learn the 
sources of any of the many materials refernal to in this Imok, the reader is 
referred to the ‘‘(diemical Engineering (atalog,” which deals primarily with 
the .sources of all commercial materials and engineering isjuipmenl and ha^ 
the advantage of being brought up to dat(‘ t‘ach y(*ar. .\ineh valuable iiiforma 
tion on sources of materials and equipment can also he found in tlie Slun* / vtiiltn' 
Reporter Annual (boston) and in Hide & /.eaUicF.s' lilne Rook (Cliieago). 

The writer would not have pre.smned to write such a hook as this without 
seeking the assistance of able men of the leather and allied indnstrit*s. Special 
ists provided the details of many valuable procedurt*s, tanners supplied plioto 
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rials supplied detailed information on the properties and uses of their products. 
The Tanners’ Council of America made available results of its surveys and 
researches, g-overnnient bureaus supplied their latest statistics and regulations, 
and market men supplied information on hide prices and on the operations 
of the hide futures markets. It has been possible to acknowledge some of the 
assistance given in various parts of the text and under the photographs 
supplied. Since hundreds contributed to the making of this book, the writer 
has listed them below without regard to the nature of their contributions. 

For assistance in the preparation of the manuscript, the writer is indebted 
to George D. McLaughlin, who read each chapter and offered many valuable 
suggestions; and to T. Blackaddcr, H. G. Turley, H. B. Walker and Henry 
Dietrich for reviewing and contributing to chapters on subjects in which 
they are expert. 
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Chapter 1 

Hides and Skins and Their Histology 

Leather is animal hide or skin so treated chemically as to make it permanently 
more resistant to decomposition, particularly when wet. Any animal hide or skin 
may be converted into leather, but many are not used commercially for this purpose 
because of their small size, scarcity or lack of demand for the kind of leather they 
would make. 

Most leather is made from tlie hides or skins of animals slaughtered for food, 
and practically all such hides and skins removed from meat-producing animals are 
converted into leather, regardless of the demand for leather. The demand for meat 
and not the demand for leather determines the production of leather. An increas- 
ing demand for leather merely increases the dollar value of both hides and leather. 
When the demand for leather falls off, production of leather may decrease tem- 
I)orarily, Init the accumulations of hides at decreasing money value quickly restore 
tlie production of leather to keep pace with the slaughter. For example, following 
tlie dev«'istating effects of the World War, the demand for leather in 1919 increased 
the value of domestic cattle hides to about 70c per pound, but the falling off in 
demand in 1932 lowered the price l)elow 4c. The dollar volume of Icatlier produc- 
tion varies widely over the years, but the actual quantity volume simply follows 
the slaughter caused l)y the demand for meat. Leather is really a by-product of 
the meat industry. 

This adds an annoying element of speculation to an industry already highly com- 
petitive, making it essential to survival for leather manufacturers to learn the prin- 
ciples of “liedging”; to keep alert to the fnndamental, world-wide factors that 
directly or indirectly influence hide prices ; to keep informed of the ever-increasing 
scientific knowledge relating to the more efneient mamifactnre of leatlicr ; and so to 
control the properties of llieir j)roducts as to meet the changing demands of a grow- 
ing civilization. 

As removed from an animal, a hide is covered with bacteria, and is readily 
I)utrescil)le; mucli more than one-half of its weight consists of water. Bacterial 
action is greatly rtJtarded l)y common srilt. In the domestic production of cattle 
hides, it lias become customary to preserve them by packing tliem in salt, which 
dissolves in the water of tlie hide, protecting it from tlie putrefactive action of bac- 
teria. Tills process, known as curing^ will be described more fully in Cliapter 2. 
Although some of the water of the hide is lost during ctudng, most of it remanis. 
Before curing, the hide is referred to as being in the green state. After curing, it 
is said to lie in the green, salted state. This is mentioned here liecause the given 
wciglU: of a hide usually refers to its weight in the green, salted state. Hides are 
soiiR*times preserved I)y drying, which causes a loss of more tlian 50 per cemt in 
weight sim|»ly liecause of the loss of water; but they are often classified according 
to tlie weiglit tliey w<»tdd liavc liad in the green, salted state, if tliey had been 
cured like? most domestic cattle hides, although in an actual sale or for import 
records the dry weight is used for dry hides. 
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Classification and Nomenclature of Hides and Skins 

A skin is simply a small hide. In the case of cattle, a hide weii’hin.c^' less than 
15 lbs. in the green, salted state is called a calf skin. When it weighs from 1.^ to 
25 lbs., it is called a kip: When it weighs from 25 to 30 11)S., it is called an orer- 
weight kip. When it weighs more than 30 lbs., it is called a hide. A cow hide 
weighing less than 53 lbs. is called a light cow and one weighing more than 53 lbs, 
a heavy cozv. 

Hides from male animals are classified as bull, sfcc7' and stag according to 
characteristics of the hides caused by castration. Bull hides arc from animals that 
have not been castrated, and are characterized by very thick and rough head, neck 
and shoulders and loose flanks. As a rule, -bull hides arc not only poor in quality, 
but heavy in weight, ranging from about 60 lbs. each to more than 100 lbs. hor - 
tunately, they constitute only about 4 per cent of total production. 

Steer hides are from animals castrated as c.alvcs, often at the age of about 
three months. The effect of castration is a much more satisfactory devtdopmenl 
of the hide as well as of the meat. The hide becomes much smoother and nu)r(‘ 
uniform in thickness and structure, as well as much denser atul tighter tlian that 
of a bull. Steer hides are used to make the ])ost grades ol sole leather and arc* to bt' 
preferred to cow hides, which have a looser structure. In very young cah‘t‘s, the* 
skin of the female produces a finer piece of calf leather than that of the male; and 
this difference apparently persists throughout the lives ol tlu^ animals, (*xcc‘|>t for 
the marked effects of castration, which cause the hide (»1 the steer to Iktouu* iur 
vSUperior to that of the cow. A cow hide is superior to a bull hide, although liglit(‘r 
in weight. 

Stag hides are from male animals not castrated at so early an age* as the st ecu's, 
often not until they arc over a year old. During the period ])r(‘ceding castration, 
they develop hides like bulls, and the longer castration is delayed, tin* more* like 
bulls they become. In the hide market, slag liitks have no official cIc\signation of 
their own and arc accepted as steers or bulls, whichevi*r thew more nearly rc’sembh'. 
This is often annoying because they mask that shaq) line of differentiation bed ween 
steers and liulls. 

A steer hide weighing less than ‘18 lbs. is called an ex light steer. When it 
weighs from 48 to 58 lbs., it is called a Ughf steer ami oiu* Wiughing more than 58 
lbs. is called a heavy steer. 

As in many of the ancient arts, the lcatlu‘r industry has a languagi* of its own 
and uses many terms in common use, hut witli very difAuanit imsanings from those 
in common use by the layman, h'or this reason, the reader is catniomul to fanuHar 
ize himself with the definitions given in the (dossary at tin* <*nd of this hook, which 
includes some scientific terms as well as many belonging pemdlarly to tlu’ leather 
industry. For example, chamois leather is not usually mad(‘ from the '-kin of tlir 
mountain antelope of Europe and Asia hearing that name, hut fiann llu* rotienlar 
layer of domestic sheep skins. Elk leather is usually ma<le from eow bide, am! 
the name refers merely to the methods u.sed in tanning and finisliing. Kid ieitthiX's 
are usually made from thti skins of mature goats. Russia ealf U*atli<’r i> made in 
the United States, ancl is so named becamse it is vegetable tanned and secaited 
with birch oil, re.scinl)ling a leather once made in Rtissia tliat was taimefl with 
extract from the l)ark of tlie Russian birch tree. 

A naiwe cow hide is one from an animal that has lud lanm bramli*d, tin* irriii 
native merely indicating that the hide is free from brand marks, A i 'eitnado stt'cr 
hide may newer Iiavc been near the slate of Colorado; the term merely means that 
the hide has ])een branded on the side or butt area, or hotli. If a Inde of litis 
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description is of compact, narrow and close pattern and plump, it is a Texas steer 
hide. If a steer hide is branded on the butt area back of the break in the flank, it 
is known as a butt-branded steer hide. If the animal was slaughtered and flayed 
in one of the packing plants known in the trade as West Coast plants, the hide 
is known as a Pacific Coast hide. 

Hides that are unusually wide are often called spready, and their surface areas 
are often large in proportion to their weights. Plump hides have a dense and uni- 
form structure and usually have surface areas small in proportion to their weights. 
In cold wezither, animals usually have longer hair and their hides lose less water 
in curing and bundling than those of animals slaughtered in hot weather. The 
skins of calves less than two months old are structurally not the same in cold and 
in hot weather, an important point that will be treated more fully later in this chap- 
ter. Hides are designated according to the time of year that the animal was 
slaughtered as January hides, June hides, October hides, etc. or sometimes merely 
as winter hides or suninicr hides. It is important for the tanner to know which he 
is buying, because it greatly affects the yield and quality of leather he gets from 
them. Hides taken off during the months of July, August and September usually 
give him the best results. A winter hide contains less hide sul)stance and more 
hair weight than a summer hide. 

h'or light stiede leathers, fine pocketbook leathers, drumheads, parchment, etc., 
the skins of unborn or prematurely born calves arc often found most desirable. 
These skins are referred to as slunks. 

In the largest packing plants, many butchers assist in jlaying, or removing the 
hide from a single animal. Each of these butchers becomes highly skilled in one 
portion of the work of ilaying, which will be descril)cid in Chapter 2. This 

high degree of sp(‘ciali/.ation results in less damage duti to improper Haying, and 
the subsefimmt curing is also carried out more efficiency fn llli largest plants, re- 
sulting in a superior liide for manufacture into leather. .Suefr Min are referred 
to as hiij-packcr lii(k‘S. In the smaller jiacking plants, where there is less special- 
isation, the hicU^s arc usually of a lower standard, and are known as small-packcr 
hides. Hides t<'iken off by city butchers are known as Nciv York City butchers, 
Milwaukee hnichers, etc., and tanners usually learn hy experience which are most 
suitable for their purpose and economical to buy. Most hides taken off by country 
hutcluu's and inex])(‘rit‘nced farmers are badly damaged in flaying and are not well 
cured, altliough tliey may have come from animals of the same class as those of the 
big packer bidi*s. Such hidt*s ar(‘ nderred to as country hides. 

Hi<les fnnn many foreign countries arc preserved merely by drying and are 
known as dry hides or [lint hicks. Others are treated with salt and then dried, and 
are known as dry, salted hides. Hides curecl with salt, but not dricHl are known as 
green, salted bidc*s. In various countries, bides of the same type differ greatly in 
suitability for certain types of leatlier because of feeding, climatic conditions, 
heredity, incdliods of flaying and of preservation, etc. Argentina has a great pack* 
ing industry and exports much frozen ])eef. The hides are well flayed and cured 
aiid come to this country in the green, salted state. Those corres])onding in quality 
to our big packer hides are known as Prigorifiea hides; lliose more like our small- 
packer hides as Saladero hides and those corresi>onding to our country hides as 
Mat ad era hi(k‘s. 

Out of a total of more than 19 million cattle hides made available to American 
tanners in 1939, meu'e than 16 million were of domestic production and less than 
3 million were imported. More than 11 million kip and calf skins were of domestic 
production and less than 4 million were imported. Practically all tlie more than 
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39 nnllion goat and kid skins made availa1)lc to American tanners in 1939 were 
imported; nearly 38 million were received in the dry stale and a little over one 
million in the green, salted state. Of the total of about 47 million sheep and lam]> 
skins, about 42 per cent represented domestic production and al)out 58 |)er cent was 
imported. Production and imports are discussed more fully in Chapter 3. 

Goatskins are usually named after the country <')r f)roviuce of origin, such as 
Amritsars, Brazilians, Capetowns, Chinas, Mochas, Moroccos, Pernambnr<>s, 
Turkestans, etc. Although most of them arrive in the dry state or dry, salted state, 
they vary greatly in cpiality and suitability for ditferent ty])c‘s oi leathers. 

Most of the packer sheep .skins are dewooled at llu‘ |)acking' plant, tlu*n pre- 
served by pickling with a solution of sulfuric acid and salt, and sold as pickled 
sheepskins. Although most of the imported sheepskins arrive in llu‘ pickled state, 
many are dry, or dry, saUed and some arc not dewooled. 'Hie don!(‘stie skins from 
the big packers usually carry the name of the packer and importt‘d skins take tie* 
name of the place of origin. 

For making cheap shoe and other leathers, American tanners sometimes buy 
East India kips, which are from fully grown btiffados, btit called kii>s 1iecans(‘ ol 
their size. They are receivcal alnsady unhaircvl and at least partially tanmal. Ihe 
tanner retans them and rmish(‘s tluan according to tlu‘ type of bsather dtsdri’d, Mr. 
C. A. Andres, 87 Gold Street, New ^b)rk City, has giv(*n the writer tin- follmvint: 
infoi'mation about the industry in British India. 

^‘The tanning of hides and skins in British Imlia is a eonsiderahle industry and 
lies in the hands of hundreds of small tanners. I'lu* main export etaittn* is Madra ; 
in southern India, Imt tanned hides and skins art* also <‘xportefl thrrnigh the port 
of Bombay. The Bombay tannages in goat and sheep are of lower vahii‘ than tlie 
Madras tannages, hut the tanned cow lucles and hujTal<»s Indng aluait tin* same price 
as the Madras tanned hides. The texture <4 the hi<li‘s ,an<l skins exported tlirough 
Bombay is not as tight and firm as th,o.se exporttsl through Madras. A small 
amount of tanned hides and skins is exported fr<»m Karaclii, hut thove tannages 
are very inferior. 

'‘The United States imports only a small percentage of tlie tanned go, at skiu'-i 
and sheep skins produced in India, hut at limt's considi*rahle (ptantities of tann<‘d 
cow hides and l)uffalo hides aia* import<'(I by this cotmtry. 'Hint deftendn entirely 
upon the relative po.sitions of the American ami Indian hidt' markets. 'Hie main 
use for India tanned hides in the United States is for cheap slme leathtn*. A !ess4’r 
amount is used in the prodtiction of hag and fancy lent liers. Fast India tanmal 
goat and sheep skins were at one time used largely in the production of shoe 
leather, hut in late ycar,s have been principally used for fancy lixitlan-, 

“The India tannage is a tannage peculiar to Imlia and cannot Ite tlujdicated 
elsewhere. If a tanner in the United .States f>r in lMiro|)e were to buy flic same 
raw hide as the tanners in India do, he could not jirodnce the India tannage*. Tha^ 
may sound funny, ]>ut it is so. A characteri.stie <4 tlur Imlia tamiei! hide and skin 
is its good tcn.sile strength.” 

In the United States horse meat is not a popular foo<l and s(» mt«vt of the domes 
tic hides arc from horses that have die<l in stTvice or nui with amadenl. Hie 
flaying and curing; arc often done long afl<*r the fk*ath of the animal and rarely, 
if ever, with the giaxit efficiency associated with paeker eattle liicles. Mncli of the 
domestic stock is tlius of relatively low quality. Most of the green, salted horse 
hides are olitained from France, Argentina, Cana<Ia, rniUsI Kingdom, Belgium 
and Netherlands, decreasing in vohum' in die onler given. MoM (4 Ihe ilry horse 
hides arc obtained from Argentina, hut .some are obtained from fAatice and Canada. 
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The Iierse hide is jieniliar in having* extraordinarily dense fibrous structures in 
the butt ar(‘as, from which cordovan leathers arc made; the rest of the hide has an 
unusually loose structure, making it more suitable for baseball, garment, glove 
and other tyj)e.s of leathers. Some tanners require only the butts and others only 
the looser arc.as. For this reason some dealers cut the hides into horse butts and 
horse fronts and sell them separately. 

In the United States, packers leave the skin of hogs on the meat and have to 
offer only strips of skin over the lard areas. These strips often measure only about 
24x6 inches, but find a i)lace in the manufacture of leather for shoe counters. As 
most of the country skins made available are of low quality, the best hog wskins 
have to be imported, Kamjaroo and zvallaby sfdns come only from Australia and 
are received as dry skins. In Chapter 3, tables are given showing the imports of 
all kinds of hides and skins for the calendar year 1939 as well as such figures on 
domestic production as could he obtained. 

Since animal hides and .skins constitute the one fundamental material from 
which all leather is made, it is of tremendous importance to success for a tanner 
to l)e intimately accjuainled with their structure, composition and functions and 
their variations in dilTerent animals and in different parts of the same^ animal. 
The ]>ranch of biology that deals with the minute structure of animal hides and 
skins is known as histologyy or microscopic anatomy. The rest of this chapter 
deals with this topic. 

Histology of Animal Hide 

'Fhe structure of animal hides can best be studied by cutting very thin 
crosS‘'Sections, mounting them on slides and observing them under a powerful 
microscope. The sections can then he photographed at very high magnifications 
for more convenient study. The methods of preparing such sections and photo- 
graphing them are descrilied in minute detail in the author’s The Chemistry of 
iMihcr Manufaelnre, Vol. U, Chapter 36, pages 967 to 1028; this l)Ook contains 
also about 150 photomicrographs of hides and .skins and of leather that are worthy 
of detailed .study by all intere.slcd in leather and it.s manufacture. Some of these 
are reproduced in thi.s hook for convenience, together with many new ones which 
were nut availalde when the earlier book was publi.shed. 

Cow Hide 

Fig, 1 shows a thin slice, or cross-section, cut from the butt area of a fresh 
cow hide, photographed through a microKCOi^e at a magnification of 16 diameters. 
It is ctistomary to refer to magnifi<'ations in photomicrography in t(*nn.s of 
diameters, which means the number of times that one dimension has been increased 
in length. Since the hide has three dimension.s, it would have to l)e 16x16x16, oi 
4096 time.s its actual si/.c or volume for its cross-stH'tion to appear as it does in 

...... 

This section is known as a zfertical s('ction because it was cut^iu a vertical 

direction with respect to a hide laid out fiat in a horizontal plane. Ihe hair side 
of the hide is seen at the top of the picture and the flesh side at the bottom. 

All hide.s are divided sharply into three layers, distinct both in structure ^ and 
origin: (1) a relatively very thin outer layer of epithelial tissue called the epider- 
mis; (2) a very much thicker layer of eonncclive and other tissues, called the true 
skin, derma or corium; and (3; a relatively thin layer called the superficial fascia^ 
Init known to the tanner simply as the flesh and containing adipose (fatty) and 
(iredar (loost* comK*ctivt‘J ti.ssues and souu4nncs muscle tissues. 




Courtesy The Leather Manufat turer. 

Fig. L Vertical Section of Cow Hide. 

Location ; butt. 

Thickness of section: 20 inicrons, or 0.00079 inch. 
Magnification : 16 diameters. 


In biology, a iissuc is defined as one of the elementary fabrics of wliitdi an 
organ is composed, formal by cells and/or their products arranged in a definite 
manner or pattern. A bide is composed of many tissues with wliich a tanner 
should be very familiar and they will be described individually. An organ is a 
part of the body that performs some definite ftmetion, and a hide is a vital organ 
of the body. 



HIDES AND SKINS AND THEIR HISTOLOGY 


21 


Cell Reproduction 

The epidermis and hair consist chiefly of epithelial tissue, which is made up of 
living, self-reproducing cells covered with layers of dead cells which are gradually 
worn away, making room for the steady reproduction of new cells below. Epi- 
thelial cells cover all free surfaces on and in the animal body. Each individual, 
self- reproducing cell is a separate and distinct living organism, consisting of a 
nucleus suspended in protoplasm enclosed between very thin walls acting as semi- 
permeable membranes. The cell has no sex, but is capable of self-reproduction. 

The first operation in the reproduction of cells is the diffusion of nourishment 
into a cell tlirough the membranous walls. This is followed by a period of growth. 
In the protoplasm, besides the nucleus, there is a small, round, highly refractive 
body of protoplasm known as a centrosomc, which separates during the period of 
growth into two centrosomes which then repel each other. The nucleus contains 
a protein body known as chromatin, which now separates into a number of tuiit 
segments called chromosomes, each of which splits longitudinally. One-half of 
each chromosome passes in the opposite direction toward a centrosome. In this 
manner each new daughter cell receives exactly the same number of structures as 
were found in tlic parent cell. The longitudinal halves then constitute the chromo- 
somes of the daughter cells and gradually become mature structures, while the cell 
wall constricts, forming two new complete and separate cells. 

Epidermis 

As the epidermis has no blood vessels, the food required for the rei)roduction 
of the ci)ithelial cells is drawn from the derma below. Fig. 2 shows the epidermis 
of the skin of a man\s chin magnified 3500 diameters and thus made to appear as 
though the man were 42,875,000,000 times his actual size. At this tremendous mag- 
nification each individual cell and its contents can be seen very clearly. In order 
to get sharp definition in a picture at this magnification, it was necessary to cut the 
section of skin only roVoth of an inch thick. This is less than one-half of the 
diameter of a single cell, and this mu.st be taken into consideration in noting the 
lioneycoml) structure of the epidermis. It will be noted that tiny, fiher-like 
processes separate the individual cells; these are often called prickles. Extending 
between prickles there are protoplasmic processes, and it is sui)i)osed that food 
passes upward between the cells and tlie waste products downward. From this 
food, the cells derive the nourishment necessary for reproduction. This region 
contains no blood vessels, but very fine nerve ril>ers pass into it from the derma, 
forming a network l)etween the cells and terminating in bulbous swellings or under- 
going a gradual l)reaking up into nerve granules. 

As the new cells are formed, the older ones are pushed outward to a point 
where there is a diminishing supply of nourishment ; these cells die and their pro- 
to[)lasm gradually dries up. Near the top of the picture, two cells can l)e seen 
ill the first stages of this drying. Above them the cells have flattened out, forming 
the flaky sheets that are gradually worn away and ap[)car on llie scalp as dandruff, 
which is not in itself a disease, but a perfectly normal casting off of dead epithelial 
tissue, which is a continuous j)rocess. The ])icturc also shows cells in various stages 
of re|>roduction. 

Hair 

h'ig. 3 shows a ixirtion of the grain layer of Fig. 1 at a magnification of 75 
diameters. It includes a hair in its follicle. The follicle is formed by an indentation 
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I'-ic. 2. Wrtiral St‘cti<ui <*f uf HutiKut Skin. 

Locatitfu: diin. 

'rhicknt*ss (if section: 5 microns, or (JJKKiHO inch. 
Magnification : 3500 diaimtcrs. 
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of the epideniiis into the derma. The epithelial cells that cover the bottom of the 
follicle receive an al)iindance of nourishment from a projection from tlie derma 
into tlie follicle known as a hair papilla. The epithelial cells surrounding the pa- 
I)illa re|)roduct‘ in large numl)ers and the older cells are pushed upward through 
the follicle forming tlie hair, which is really of the same composition as, and a part 
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Imo. 3. Vertical Section of 1'hennostat Layer of Ctiw Hide. 

Location : butt. 

Tliickness of section: 20 microns, or ().0CK)79 inch. 

Magnification: 75 diameters. 

of, the e})idermis. A liair iiajiilla passing into tlie bull) of a ling liair is shown in 
h'ig. 4. In the course of their travel up through the follicle, the epithelial cells 
adhere to one aiiotlier strongly as they die and dry up, forming a tougli hair, whicli 
takes its sliai>e from that of the follicle. The formation of liair is a continuous 
operation so lung as food for tlie epithelial cells remains availalile. If a liair is 
ptilled out of a living animal, the reprtiducing cells in the follicle soon re|)lace it. 
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Fig. 4. Vertical Section of Hog Skin Showing Hair Papilla Pa.ssing Into Hair linlli 
Location: butt. 

Thickness _ of section : 20 microns, or ().CK)()79 inch. 

Mag’nification : 225 diameters. 
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The hair papillae contain blood vessels which supply not only food, but also 
coloring mafter of the blood to the reproducing cells; thus the hair grows with a 
color as long as the coloring matter is available. In a man’s scalp, when the arteries 
of the hair papillae harden sufficiently, they will not pass the coloring matter of 
the blood; the epithelial cells then reproduce without coloring matter and the hair 
a|>pears gray. When they harden to the point that they pass no l)lood at all, the 
man becomes bald. 

The hair shaft above the outer surface of the skin consists of dead epithelial 
tissues. Stories of such hair turning gray over night because of shock or worry 
arc sheer nonsense. Gray hair consists of epithelial cells which had no coloring 
matter frotn the blood at the time they were produced from their parent cells. The 
only cure for baldness would be a new system of blood vessels that would carry 
food to the living epithelial cells at the bottom of the follicles, and no one has yet 
discovered how to provide a new system for the purpose. 

Thermostat Layer 

Examining log. 1 closely, it will be observed that the derma itself is divided 
rather sharply into two layers: the top onc-fifth of the thickness which contains 
the hair roots and the lower four- fifths, consi.sting chiefly of a fibrous structure. 
'Fhc upper layer is shown in Fig. 3 at greater magnification. The tanner calls it 
tlie grain layer because it forms what is known as the grain of the leather, but the 
writer has called it the thermostat layer liecause its function. in the animal body 
is that of a thermostat. 

If the body temperature of a man exceeds 98/)‘^F., he is said to be running a 
temperature or having a fever; if it exceeds he usually dies. If it falls 

much below 90® F., he usually dies. To be in good health, the average man must 
maintain a body temperature within one degree of 98.6® F. The same principle 
holds true for practically all warm-blooded animals. Within the bo<ly so much 
heat is being developed continuously that the body temperature would be raised 
above the death point in the course of ten to fifteen minutes, if no means were pro- 
vided to throw off this heat in amounts necessary to keep the body temperature 
comstant. Death would result from cither too rapid or too slow a loss of heat by 
the body. The skin is the vital organ of the body that controls its hanpcralurc. 

Glands and the Thermostat Mechanism 

Close to the bottom of the hair follicle shown in .b'ig. 3, there i.s attached an 
crector-pili muscle ^ which can he seen weaving its way upward to the right of the 
follicle. Just below the point of attachment of this muscle to the hair follicle can 
be seen an open sjiace containing the sudoriferous or sweat glands. In tlu' animal 
body, glands are composed of living cells which, according to their kind, separate 
and lake from llu: Idood the materials which they need for their own reproduction 
and then throw off as waste products materials that may be of vital importance to 
the whole body. l"ig. 5 shows a cross-section of a sweat gland in a human scalj) 
photographed at a magnification of 2330 diameters. The cells are bound together 
in a nuanhranous sac with a duct le.ading to the outer surface of the skin. As the 
food r(‘(|uired for their own reproduction, these cells selectively take various waste 
I>roducts from the tilood, including protein decomposition products, salts and an 
abuudanc(‘ of water. Through the duct lea<Iing to the skin surface they excrete 
wafer, urea and salts togdher with the decomposition ]»roducts of the excess cells 
prodtK'ed; in fact, they serve the Ixxly as an excret<n*y organ imicli as the kidneys 
fio, !mt their vital task is to bring water to the skin surface. 



26 MODERN PRACTICE IN LEATHER MANUFACTURE 



Fig. S. Vertical Section of Sweat (ilaiul of I Inman Skin, 

I.ocation: scali). 

Thiekne.s.s of .‘section: 10 microns, <jr 0.00030 inch. 

Magnification : 2330 diameters. 

Water is a conimon material liaving a very high speeijk heat and also a vc‘ry 
high latent heat of vaporkation, Tlie specilic Iieal of a material is delini‘d as tin* 
quantity of heat required to raise the tenqjerature of one grant of the material I h *, 
The quantity of heat is usually (‘xpr(‘sse<l in calories. A ealorit* is llie amount of 


HIDES AND SKINS AND THEIR HISTOLOGY 


27 


heat re(|tiirc(l to raivSe the Icmpcraltire of one ^raiu of water by I'-’C. Water freezes 
at an<l boils at lOO'M'. and so it rcfjuires 100 calorics to raise the temperature 
of one gram of water front the frccziiif; tjoint to the boiliiif? point. The specific 
heat of water is taken as unity, or l.OOOOO calorie, at 15”C. because it varies 
slightly with temperature; but the extreme deviation from unity from the freezing 
point to the boiling point of water is less than 1 per cent. The specific heat of 
most other materials is les.s than 1.0. For mercury it is only 0.0333. 

The latent heat of vaporization of a licpiid is defined as the number of calories 
recjuired to change one gram of it to vaiior without changing its temperature. The 
latent heat of vaporization of water decreases from 595.9 calories at the freezing 
point to 539.6 at the boiling point. Only 100 c«alories are required to raise the 
temperature of one gram of water from the freezing point to the boiling point, but 
nearly 540 calories are required then to vaporize it without further increase in 
temperature. 

If water is keiit in contact with an atmosphere that is not saturated with water 
vapor, it will evaporate, taking the required heat of vaporization from its surround- 
ings. At l)ody temiKU'ature, the evaporation of one gram of water will cause a loss 
of heat from its surroundings of about 574 calorics. The flow of water from the 
sweat glands to the skin surface and its .subseiiuent evaporation is continuous, just 
as the development of heat within the body is continuous. 

It is essential to the life of the body that the excess heat continuously (kweloped 
be exactly balanced by the heat los.ses .so that constant body tem])erature is main- 
tained. The rate of evaporation of water at the skin surface must be controlled. 
In the V formed by the erector-pili mu.scle and the hair follicle shown in Fig. 3, 
there can be seen the sc])aceous glands which appear to rest on tlie muscle and oiien 
into the follicle. 

Fig. 6 shows a cross-section of a se])aceous gland in the skin of a human chin 
photographed at a magnification of 3500 diameters. The cells arc lioimd together 
in a membranous sac with a duct opening into the hair follicle at a point about 
one-third of the di.stance from the liottom of the follicle to the top. As the food 
required for their reproduction, these cells selectively take carbohydrate's and 
other materials from the blood, which arc converted into oils and waxes in the 
course of the reproduction and stored within the cell walls, where they can lie seen 
rather plainly in the picture. 

Although they cannot be seen very readily from ]<'ig. 3, tlua-e are tiny pilo- 
motor nerz^es extending from the epidermis to the t'rector-pili muscle. These 
nerves are very sensitive to temperature changes. Wlien the temperature at tin* 
skin surface drops too much, these nerves activate the erector-pili muscle, causing 
it to contract. The goose-'pimples commonly seen on the skin wlien exposed to cold 
air result from the contnictions of these muscles, which cause a rupture of many 
of the cells of the sebaceous glands, and their oily contents arc exiukal into tlic hair 
follicles. The phenomenon of oil s])reading over watery surfaces is a siglit familiar 
to almost everyone. 'Fhe oil liberated into the hair fidlicle immediately starts 
spreading over the wet surface of the skin and, in so doing, decreases the rate o£ 
evai)oration of water from tlu* skin surface. This continues until the luait lialance 
of the body is again reslortsl. The pilo-molor nerves so control the activity of the 
erector-pili muscles that the proportion ()f <nl to water liberated by tlu* glaiuls is 
just what is required to maintain Ixxly temperature. 

Like practically all forms of life, the cells of the seliaceous glands work pri- 
marily for their own reproduction and jjrescrvalion and not for that of the entire 
body, which nmst have its own .system for making use of its glands. If the body 
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Fig. 6. Vertical Section of Sebaceous Gland of liuinan Ski 

Location: chin. ^ ■ , 

Thickness of section: 10 microns, or 0.00039 indi. 
Magnification: 3500 diameters. 









Fig. 7. Vertical Section of Single Hide Fil)er in (,ow Hide, 
[.ocalion; butt. 

Thickness of section: 30 microns, or O.OOllH inch. 
Magnification: 1625 dianicter.s. 


needs oil at the skin surface, it sacrifices the lives of cells of the glands until the 
needs are met. On the other hand, the cells reproduce according to the supply of 
foofl available to them rather than according to the needs of the body as a whole. 
A too rich diet when the oils art^ not needed may result in an overfiroduction of the 
cells, which will not be destroyed by the musclc.s unless oil is required. The result 
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is boils, pimples and blackheads which I'eadily become infected. If the muscles 
become sluggish through lack of exercise, they may not be ready to respond quickly 
enough to a sudden chilling of the body and the resulting U]:)set may give bacteria 
an advantage in the body that will result in colds, pneumonia or other diseases. 

Growth of Hide Fibers 

Referring again to Fig. 1, it will be noted that tlic derma, which is tlie portion 
of the hide made into leather, consists cliiefly of interlacing fibers. Below the 
thermostat layer they are relatively large and constitute the bulk of the hide. These 
fibers are composed of a protein substance called collagen, which means “glue 
forming.’^ Most tanners know that glue can be made by treating hide scrap with 
boiling water. The resistance of the hide fillers to boiling water increases with the 
age of the animal, requiring more prolonged lioiling to get it into .solution. The 
more drastic treatment causes greater decomposition of the protein, h'or this 
reason scraps of calf skin arc used in the manufacture of good grades of (‘dihle 
gelatin and the older hides are used to make glue. We have learned much about 
collagen by experimenting with the purest grades of gelatin in order to eliminate 
the disturbances caused by the complex anatomical structure of the hide. 

The epidermis, hair and glands are composed of reproducing cells sf) that tlu* 
older tissues are continually being replaced by new ones. This is not true for the 
collagen fibers because they are not made up of cells ami do not reproduce them- 
selves. Collagen is a protein secreted hy certain white corpnscles of the blood 
known as fihroblastSy each of which consi.sts of a single cell. During the period of 
growth of an animal, fibrohla.sts leave the ])lood streams ami migrate outward 
through the .skin, each one exuding collagen material along the path of its travel, 
the exuded material liecoming a single, long fi!>riL d'he fibroblast may thus b<‘ 
likened in its action to a silk worm that spins out a long filament or fibril of silk 
in forming its cocoon. During th(‘ period of growth of the animal, each fihtu* 
increases in size hy the repeated addition of fibrils hy the migrating fihrohlasts, A 
single hide fiber is thus made up of many fibrils. 

Fig. 7 sliows a cross*sectiou of a single fiber in a cow hide magnified 1625 
diameters. The fiber ajipears somewhat elliptical in shape with a major axis of a 
length of 0.0034 inch ami a minor axis of (1.0020 inch. The cro.ss s(*ctions of tin* 
fibrils appear irregular in shape with an av(*rage diameter of about 0.00001 im'h. 

Reticular Layer 

The portion of the derma lielow the thermostat layer is often calltni the reticular 
layer because of its network appearance. The fibers of tlie reticular layer are 
relatively large, Init tliosc of the thermostat layer arc relatively inueh smaller. A 
large fiber differs from a small one merely in being made up of many more fibrils. 
When the filiroblasts, in the course of their outward migration, reach the tliermo 
stat layer, it is assumed that many of them m<‘et resistanee and tile, It may be 
that they decompose and are absorbed hy the tissues, in any case, the fibers becoim* 
smaller as they approach the outer .stirface of the derma. Mg. 8 show.s a horizontal 
section of calf leather cut only 0.(}0()59 inch thick, hut inclwling the grain surface, 
the fibers of which appear to comsi.st of from only one to several fibrils. 

As the animal apin'oaches maturity, tin* mimlier of fibroblasts entering the hide 
decreases. The writer has alway.s fouml them to he abundant in calf skins and 
almost entirely absent from full-grown hides. However, when the hide of a full 
grown animal is injured, as hy Imrning or ctttting, myriads of fihrohiasts migrate 
4.. o,., Af fhA w<»imd. sninning out collagen fibrils as they go. At the site of the 
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wound they continue to wSpin fibrils until the wound is protected by an efficient mass 
of scar tissue, which is made of the same material as the hide fibers. When the 
fibroblasts continue to spin out collagen fibrils in excess of those needed, the result 
is a fibroid tumor. 



Courtesy The Leather Manufacturer, 


Fig. 8. Horizontal Section of Calf Leather including Grain Surface. 
Location: butt. 

Tliickness of section: 15 microns, or 0.00059 inch. 
Magnification: 200 diametcr.s. 


Fibroblasts 

Fil)roblasts arc single living cells that appear to change their shape to suit their 
environment. When tliey are traversing a hide filler in the act of adding another 
fibril, it is difficult to see them under the microscope with any sharp definition, 
hig, 9 shows a verticid section of the reticular layer of a calf skin taken at a 
magnification of 170 diameters. The fibrobla.sts appear merely as dark dots scat- 
tered among and on the fibers, but they are not sharply defined. In studying pieces 
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Fig. 10. Vertical Section of Scar Tissue Forming in Wounded Rabbit Mn.scie. 
Location: muscle tissue. 

Thickness of section: 15 microns, or 0.00050 inch. 
Magnification : 3500 diameters. 
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of skin taken from people badly burned, the writer has ol)Scrve(l n])rol)lasts in lai'gc 
numbers migrating to the burned regions. By studying the development o|‘,scar 
tissue in wounded rabbit muscle, the writer was able to catch the fibroblasts it work 
in the spinning of their collagen fibrils. A cross-section of scar tissue with the 
fibroblasts at work is shown in Fig. 10 at a magnification of 3500 diameters. Their 
thicknesses vary from about 0.0001 to 0.0006 inch and tliey vary greatly in shape. 
Just below the center of the picture, one of them appears rather sharply defined 
and pear shaped. 

Adipose Tissue 

Although the adipose or fatty ti.ssucs of hides are most frequently found in the 
flesh layers, they often develop as a part of the ndicular layer itself and cause 
tanners a great deal of trouble. A vertical .section of tht‘ adipose ti.ssue of calf skin 
is shown in Fig. 11. The adipose tissues must not be eonlused with the sebaceous 
glands simply becau.se they both contain fats. 1'hey are distinctly ditfcnait in 
origin, method of growth and in structure. Unlike tlu* cells of the sebaceous glands, 
the cells of the a<liposc tissue have no life and do not reproduce tluanselves, but, 
like the collagen fibrils, they are ])roduced by migrating cells which do not form a 
part of the finished structure. 

Fig. 1 2 shows adipose tisstie of the reticular laym* of a piece of human skin 
photographed at a magnification of 1680 diameters. It looks like the cross .section 
of a honey comb. The cell walks are built of protein tis.sne ami tlie cells are not 
made up of nuclei and protojilasm for reprodtuiion, but arc merely flletl whit fatty 
material. Just above the center of the picture, thme can Ijc seen one of the cells 
which manufacture adipose tissue. It appears lt» be in a stage of reproduction. 
The writer suspects that these cells take rich <*arboliydrates and other materials 
from the blood for their own reproduction, mig.rating as they reprodtua* and exuding 
protein wliidi sets into the cell walks of the atlipo.se tissue, and exuding also the 
fatty materials which are emptied into the cells as they are formed. In Iiog skin, 
to be described later^ the reticular layer is matle up almost entirely of adipose tisstie 
and has practically no hick fliers, all of the leather forming porti^m of the hog 
skin being in the thermostat layer, 'fhe cells that produce adi|>ose tissue apparently 
become very active whenever the blood becomes rich in materials that can Ir con 
verted by them into adipose tissue, which act.s as a storage for excess food, 'i'his 
i,s conserved by the Inniy in tins way, when it is plentiful, against the possibility 
of a famine at some later time. A man developing a si/able paunch may take roiir 
fort in knowing how it grows and wliy. 

Blood Vessels 

Animal hide contains a complete sy.stem of IiIckkI vessels, but those in the llier* 
mostat layer are often a source of couHiderabk loss to the lanncr beraiise of the 
unsightly pattern.s that they may cause to appear on the grain .surface of his leather, 
The arteries and veins arc tlie body Is piping sy.slrm for Idood. An artery ccinsiHts 
chiefly of a tube of non-striated muscle tissue lined on the inside with efnlhelial 
tissue and on the outside with connective tissues. The iitiisctitar tiRsiie of a vein 
is much thinner than that of an artery of the same rapacity * this ii rciiwinsilde for 
the fact that a vein collapses when emptied, in contrast to an artery, wliidi retains 
its shape. At the lop of Fig* II, an artery ran be seen to the left and a vein to the 
right Tiie veins are cquifiped with semilunar valves, which prevent bat-kllows of 
blood* There are network systems of trunk line blood in and rlira* to the 

flesh region of a hide. The only blootl vessels in the rfiiimlar layer appr.ir Pi lie 

' ' " • * a... iL... a, fi„. 
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P'lG. 11. Vertical Section of t!alf Skin Showinj? Adipose Tissue in Flesh Layer. 
Location: butt, 

Thickness of section: 2D niicron.s, or 0.00079 inch. 

Magnification: 70 diameters. 

thermostat laytu*. Tlu*rc are two systems of blood vessels in the thermostat layer: 
one close to tin* outer surf, ace of the hide which supplies food to the sebaceous 
glands and the epithelial tissues, and the other much mtire dee-ply seated which 
supplies the sweat irlands. 
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li. Vertical Section <jf Adipohc of Skin. 

Location: chc.st. 

ThickncHK of Hcctioit: 10 micrtinn, or 0.000,19 inch, 

Maf niricati(m : 1680 ilianicter.i. 

Elastin 

The thernifistat layer contains iihn ainnher tyfir of cotinecfivc Iihhuc calleil 
yellow, cuniposeO of the protein substance dustm. It tliflers markedly In prop 
erties from the white connective tissue coUat/en, Klastin fillers are fonml in alum 
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(lance in the thermostat layer, in the flesh layer and surrounding all blood vessels, 
but not in the reticular layer except when associated with blood vessels. The 
elastin fibers seem to consist of individual fibrils and not of bundles, as in the 
case of the collagen fibers. They appear to perform a service like that of structural 
steel-work in a building. They act as a support for the blood vessels and appear to 
furnish the rigidity of structure needed for the proper functioning of the erector- 
pili muscles. They appear very plainly in Fig. 3 as thin, sharply defined black 
lines many of which are attached to the erector-pili muscles. 

When a hide is immersed in either an alkaline or an acid solution, the collagen 
fibers swell by absorbing water, which causes the hide to become plump and rub- 
bery. The elastin structure, however, resists this swelling ; this causes indentations 
in the grain surface of the hide following the pattern of the blood vessels in the 
sebaceous-gland level. If the hide is permitted to swell unduly, permanent strains 
occur close to the grain surface which cannot later be corrected, and the finished 
leather appears grainy. This may cause the money value of the leather to drop 
to an amount less than was paid for the raw hide. 

Seasonal Differences 

The skins of calves slaughtered in the northern part of the United States during 
the coldest months of the winter show much more of this undesirable grainy con- 
dition than those of similar calves slaughtered in the hot summer months. Where 
only 2 per cent of stock might have to be put into the grainy grade for skins of 
August slaughter, the figure might run to 30 per cent for similar skins of February 
slaughter. 

This was found to be due to the fact that six-weeks old calves slaughtered in 
Feljruary had spent all their lives in cold weather; the blood vessels in the se- 
baceous-gland layer of their skins were highly developed, tending to exaggerate 
the grainy appearance of the grain surface of the finished leather caused by the 
blood vessels of the sebaceous-gland layer during periods of the swelling of the 
rest of the skin. Even with older animals, hides of summer slaughter are to be 
I)referred for leather making to those of winter slaughter. In winter the animals 
may not be as well fed as in summer, and the sebaceous glands therefore require 
a greater i)ro])oi1ion of the availalde food supply of the skin. 

Nerves 

Animal hide also contains an elaborate system of nerves, most of which seem 
to function in the region where the epidermis and derma come together. Like the 
blood vessels, trunk-line nerves are found in the flesh and again in the thermostat 
layer, the only ones in tlie reticular layer appearing to be those connecting the 
nerves of the flesli layer with those of the thermostat layer. 

Fig. 1 3 shows a cross-section of a nerve found in human skin taken from the 
calf of the leg and magnified 1 00 diameters. The whole nerve appears as a long 
cord which brandies like a blood vessel, finally ending in an enormous number 
of terminals from which the sensations are carried back through the system to the 
spinal cord and on to the brain. The nerve shown in the picture consists of a 
number of separate systems of nerves bound stoutly together with connective tissues. 
The individual systems are also separated from each other by connective tissues. 
Among the connective tissues, cross-sections of both arteries and veins may be 
seen. Near the center of the picture a large vein may be recognized by its col- 
lapsed condition; the arteries may be identified by their thick muscular walls which 
prevent them from collapsing. The nerve tissue itself is made up of an exceedindv 
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Fia 13. Vertical Hccibn Kcrve til llwman Skin, 
f..ocation: calf of bg. 

Thicknes.i of section: 20 n»crt«H, tir lKIHt07‘^ inili 
Magnification : 100 iliarncicrs. 


complex system of cells, witich we cannot tmtiertake ttt disnisH in n |iiH»k of this 
kind. Surrotmding the nerve cord itself, adipose tissue may l»e. Hern. All lltc 
reticular layer of this specimen of skin was composed primarily of ailipfise tissue, 
with only a few strands of eonneetive ti***suc traversini: it, 
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The nerves of the skin are of very great importance to the whole body. The 
pilo- motor nerves, which are sensitive to temperature changes, control the thermo- 
stat mechanism. The nerves sensitive to harmful ultraviolet light rays cause a 
rush of blood to the epithelial cells of the epidermis, furnishing them with coloring 
matter capable of filtering off the ultraviolet rays so that they cannot destroy the 
delicate mechanisms below. Nerves in the skin furnish us with the sense of touch 
and wai*n us of unfavoi'able environments. There are nerves that tend to counter- 
act the effects of sudden shock, anger, fear and other disagreeable states. 

Where the epidermis is very thick, portions of the derma containing nerve 
ends project into it. These are called nerz^e papillae^ and they are found wherever 
the nerve senses of the skin are highly developed, as in the fingers. 

Hyaline Layer and Sheaths 

Animal hide also contains blood, many soluble proteins and various salts. There 
has been much controversy over the existence of special tissues, not readily seen, 
at the surfaces of well recognized tissues. For example, Seymour- Jones reported 
the existence of a tissue between the collagen fibrils of the grain surface and the 
lowest layer of epithelial cells of the epidermis which he called the hyaline layer: 
but Kiintzel denied the existence of such a layer. Certainly it cannot be seen in an 
ordinary croSvS-scction of hide at the highest magnification possible; but Turley, 
using a special technic on sections of steer hide which had been limed and unhaired, 
found a layer of something on the surface of the derma that stained differently 
from collagen and which he believed was the elusive hyaline layer, lie also found 
evidence for the existence of areolar-tissue sheaths, in which the collagen fibers 
arc enclosed. Seymour-Jones had previously reasoned that the collagen fi])ers 
were enclosed in very thin sheaths of what he called fiber sarcolemma. 

Reticulin 

When fibers seiiarated from a hide are placed in acid or alkaline solutions, they 
swell by absorbing water and increasing in volume, 1>ut marked constrictions occur 
at points along the length of the fiber. Kaye has shown that these are caused by 
delicate threads of the protein rcHculht, which appear to bind the collagen fibrils 
togetlier in a fiber and even appear to bind numbers of fibers themselves together. 
The proportion of reticulin to collagen appears to he greater in the looser portions 
of a hide. Reticulin is much more resi.stant to the action of acids and alkalies than 
collagen, although it may be attacked by the action of bacteria in soak waters. It 
is readily attacked by pepsin, but not by pancreatic trypsin. Unlike collagen, it 
docs not dissolve readily in boiling water. The fate of the reticulin threads during 
the tannery operations probably plays a large part in determining the propertiCvS 
of the finished leather. 

Grain Surface 

The fibrils that make up tlie grain surface of the leallicr have been supposed 
to be a continuation of the collagen fibrils of the reticular layer, hut they differ 
from it in many ways. If calf skin is put into a solution of caustic soda strong 
enough to destroy most of the collagen fibers, epidermis and hair, the fibrils of the 
grain surface are left apparently unharmed. When a piece of hated skin is filaced 
in boiling water, the fibrils of llie grain surface remain as a thin sheet after the 
bulk of the skin has passed into solution as gelatin. They are unaffected by treat- 
ment with pancreatic enzymes strong enough to dissolve all the elastin fibers 
lielow them. However, they are rapidly destroyed by bacteria in contaminated 
tannery soak water, sttggcsting a possiiile relation to reticulin. 
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It may be that the same fibroblasts produce diffei'ent kinds of related pr(,>tein 
tissues dependent upon environment and available food supply or there may be 
dififerent kinds of fibroblasts at work in the skin. The protein tissues themselves 
apparently change with age, the older tissues being more resistant to some types 
of destruction than the younger ones. 



Fig. 14, liuriiiontal Section of Cow Hide Cm in Plane (F SelwicrmH iilandv 
l-ocation: hind sliank. 

Thickness ,of section: 20 inicrons, or fHKK)79 iiidc 
Magnification: 48 diameters. 

Horizontal Sections of Cow Hide 

^In order to get a full appreciation oi the structure of a Iiide in flti'ci.* dinieii'dote*, 
it is necessary to study both vertical and hori/.(mtal sections. b*ig. M slum's a 
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horizontal section of cow hide cut in a plane passing* through the sebaceous glands 
and 0.021 inch below the outer surface of the epidermis. The entire area shown 
is only 0.009 square inch. Many hairs can be seen running in a direction perpen- 
dicular to the plane of the page. Each is surrounded by a thick layer of epithelial 



Coartvjiy 'flu: Leather Manufacturer. 


1m(u 15. Horizontal Section of C'ow Hide Cut in Plane of Epidennis. 
Location: hind .shank. 

Unckncss of section: 20 niicnms, or 0.00079 inch. 
Magnifiration: 175 diameters. 


tissue. lietween the hairs can be seen the .sebaceous glands, blood vessels, collagen 
fibers and elastin libers. When the hide as a whole 1)econics excessively swollen 
or plumped l>y the action of acids or alkalis, the cadlagcn fibers increase in volume 
by absorliing water, but the elastin fibers swell very little. This causes a condition 
of tension and results in tlic formation of indentations of the grain surface follow- 
ing the pattern of elastin fibers, '^^u^^e fibers show in the picture as thin black 
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lines. By following: the arrangement of the elastin fiberis, the tanner can recognize 
the pattern of the rough or wild grain resulting from improper liming and liatiiig. 

Figs, 15, 16, 17 and 18 form a scries, all including the same hair. Fig. 15 was 
cut in the plane of the epidermis. In the center can be seen the hair follicle, oval 
in shape, containing the hair in its lower half. The oval-shaped mass around 


Fig. 16 . 



Cmrifs:!^ Th€ Imhr 


Horizontal Section of Cow Hide Cut in Plane of Dticti of Srbacrutii Clinids. 
Location: hind shank. 

Tlncknesi of section: 20 inkroni, or 0.0W79 iiicli, 

Magnification: 175 cHanicter.s. 


the hair is the hair sheatli, consisting of epithelial tissue wlitcli is coniiniious with 
the epidermis. The dots to left and riglit arc the nuclei of the cells of the epifleffiils,, 
The light patches below the hair sheath are nerve paplllaci which in the cow are 
present only in the .shanks and for which mmm these sections %vere taken from 
tlie hind shank. 

Fig. 16 was cut in the plane 0,012 inch behiw that of Mg, IS. 11ns is the 
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plane where the ducts of the sebaceous glands enter the hair follicle. The elastin 
fibers appear as sharply defined black lines and the collagen fibers as larger struc- 
tures much lighter in color. Portions of sebaceous glands can also be seen. 

Fig. 17 shows the same liair in the plane 0.009 inch below Fig. 16, or 0.021 
inch below Fig. 15. This is the same plane as that of Fig. 14. Here the thick 



Courtesy The Leather Manufacturer. 

iu(;. 17. Horizontal Section of Cow Hide Cut in Plane of Sebiiceous Glands. 
Location: hind shank. 

I'hicknc.ss of section: 20 microns, or 0.00079 inch. 

Magnification: 175 diametm. 

hair sluN'ith lightly surrounds the hair. Directly above the hair, at the top of the 
picture, is a portion of tlie erector-pill muscle and the sei)aceou.s glauds stand out 
sharply to its riglit ami left. The elastin fibers stand out sharply as thin black 
lines. 

h'ig. 18 was ent right through the hull) of the hair iu a plane 0.033 inch helow 
that of Fig. 15. All arouml the hair bulb are the empty sacs that contaiticd 
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Fig. IK. Iforissontal Scctiou <»f i’ow likie Cut in Flauc uf Hair Btilhs an«I Sweat iilaiirb. 
laKutidu: liiu<l .sluink* 

TIuckm'.H.s tjf .section: 20 miernus, or U.tKKI/M inrii, 

Magnification : 175 diaineter.H. 

.sweat glamls. In thi.s plane tliere are very few rlastin fikers; nraiiy all of tliriii 
are to be femnd betwinni thi.s plane anti that of Mg. 15 . 

Calf Skin 

Fig. 19 shows a vertical sectiori of calf skin taloai tiom {hr hnii air.t of a 
healthy heifer, IIk* thcrnuiMat layer occupies a greater proportion ui the total 
thicknes.H than in tlie cow Ihde. Apparently a nhniiiitnn thickness of tlierniostat 
layer is reiiuired for its proper ftinetioihng. 'Ilie t!iernto.%i;if layn of a guiiira 
pig .skin is just as thick as that of a calf skin; thiniau* skins or tliiiiiier parts of the 
.same skin simply havt* thinner reticular layers. As a rule, tire AAn of a laufcr calf 
has greater fulness ami fineness of appearance than that of a steer calf. 
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Flesh 

The flesh layer shown in this picture is much thicker than that of the cow hide 
shown in Fig. 1, but this is due merely to differences in flaying. Fig. 11 shows 
the flesh layer of calf skin at higher magnification. It consists of both adipose and 
aieolar tissues. I he areolar tissues consist simply of collageir and elastin fibers, 
loosely arranged, which connect the .skin with the underlying parts of the body. 
The adipose tissues are those containing fat cells; they are often found in the 
flesh, but sometimes also in the reticular layer of the .skin. They must not be con- 



Fic. 19. Vertical Section of Calf Skin. 

I-ocation : butt 

Ttuckncss of section: 20 tnicrons, or 0.00079 inrli. 
Magnificatjon: 30 diameters. 
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Fig. 20. Fore Shank. hhc. 2L Ulml Sltank. 

Fia 22. Neck. Etc. 21 Belly. 

Vertical Sections of Calf Skin. 

Location: aa noted. 

Thicknca.H of sections: 15 inicrona^ or O.CKK)S9 inrh. 
Magnification: IS diameters. 


fused with the sebaceous glands, from which tliey <Iifler sliarfdy Jit origin and 
composition. 

At the middje of the lower end of the derma ran be seen the eronn scctiiin ol a 
large artery ^whh its shape maintainetl by the lueivy wall of mnsrie ti'iMif. 
the right of it is the cross ■ section of a nerve. 
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Variations Over Skin Area 

The thickness of the reticular layer of a skin varies over its entire area. Sim- 
ilar variations occur also in the compactness of the fibrous structure. These 
variations for the calf skin are shown in Figs. 20 to 27, inclusive. They were 



Fxg. 24. Shoulder. Fig, 25. Backbone. 

m. 26- Butt. Fig, 27. Tail 


Vertical Sections of Calf Skin. 

T-ocalions: as noted. 

Thickness of sections: 15 nnerons, or 0.00059 inch. 
Magnification; 15 diameters. 
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taken, for convenience of pix\<entatioa at the low niagniilcation of only 15 dianieters 
and can reasonably well be compared with the section of cow hi<lc shown in hig. 1 
at 16 diameters. In making comparisons of photomicrographs in this IkhiIv, great 
care must be taken to take the magnifications into consideration. 





hbo. 28. Vertical Section of Aincriean Sheep Skin, 

I.ocatiou: butt. 

Thickness ()f .serthm: 20 niicnnih, or iiuli. 

Magnification: SO dianieters. 

It will he noted that the thermostat layer is of the same tlnekne*,*. in .,{| pail , 
of the .skin, Imt the reticular layer is nearly three times an tlui'k in tlie Imtf as in 
the hind shank. In tlie shoulder, the reticnlttr layer is tiniiner iliati that of tlie 
butt and its fibers are finer. In the ladly, the collagen fibers rim nearly liori/nntally, 
but in tlie butt, tliey run nunv nearly vertieally. 11ie grain surface appie.irs Irv> 
serrated on the Imtt tlian elsewhere. I^y studying these eight picturirs verv rare 
fully, a better appreciation can bi‘ olUained ot tin* wide variation of the plnsiral 
properties of leather over IIk* area of a liitle or skin. 
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Sheep Skin 

Fig. 28 shows a cross-section of the butt portion of a skin from a healthy sheep 
native of the United States magnified 50 diameters. Its strncliirt*^ picsents a 
marked contrast to that of the calf skin and explains why the propel tics of sheep 
leathers ai*e so different from those of calf. Differences in the thermostat layers 
are very marked. The sheep has many more sweat glands and sebaceous glands, 
suggesting that it is much better prepared to withstand extreme changes ot tern 
perature. The crowding of these glands causes a distortion of the hair follicles. 
During the development of a hair by reproducing epithelial ccdls, the follicle acts 
as a mold, giving to the hair its shape. Since straight hair is inrnml only by 
straight follicles, the sheep grows curly hair or wool simply Ixtcatisc its follicles 
have been curved or distorted in shape by the crowding of tlie glands in tlu* course 
of their rapid reproduction. In its formation the wool also accpiires a scaly surface 
which assists in giving it felting properlitss. This is shown in big, 2^1 

It will be noted that the thermostat or grain laytu* of the shet‘p oecupit's more 
than one-half the total thickness of tlu,^ skin. In tlur laMicular lay<T, tin* collagen 
fibers are not compact, as in the calf, and they run in more nearly hori/a«ntai 
directions. 

The proportion of adipf)se tissue to collagen fibers in sheep skins varies con 
siderably according to the feeding of the animal, and Ihert^ is often an almost eon 
tinuous layer of fat cells separating the thermostat and reticular 1ay(*rs. lleeause 
much of the fatty tissue is destroyed or removed in the beaitilumse operations, it is 
not uncommon to find the thermostat and reticular ]ay<u's of sheep leathers sep 
arated over wide areas. Sometimes tanners separate these two layers !>y splitting 
after liming, and then tan the grain layers for leather for liat bamis, Itookbinding, 
etc., and the reticular layers for chamois leather. 

During the beamhotise aperati<ms, the glands in the thenntmtal layer are 
destroyed, and this leaves the grain layer rather spongy in strtiehn*e. Tim, togethet 
with the relatively loose aiul empty structure of the rotietdar layer, ptits slteep 
leathers in a clas.s by themselves. They make ideal garment leathers and are tised 
to a considerable extent for shoe linings and for boxing gloves. 

Goat Skin 

In many respects the skin of tlie goat may be regarrlcd as liaving a structure 
intermediate between that of the calf anti tin* sheep* 'fhe libers are fullt*r am! 
firmer than those of the sheejg but not as nnutenius nor as etanpatl as those of the 
calf. A fully matured goat has a skin mu(*h stttaller than tliat td even a six weeks 
old calf. 

Fig. 30 shows a cros.s -sect ion of domestic kiti .skin magnified Si) diameters 
Nearly all the gout skins tanned in the Unitetl States are i«i|ioilei| from foreign 
countries and most of them are dried hard before shipjnng to preserve them and in 
decrease the shi|)ping weight* A <lomestic skin was chmvn for presentation in file 
picture because it erndd be oldained in a fresher eondition am! a better plioto- 
micrograph made from it. Tlie thermostat layer <jf tlte kid skin omipirs well over 
one-half the total thickness of tlic .skin, Imf the glatids and fat ecdls iS’ .pnu jlib* for 
the sponginess of .sheep leather are much less nbumlant in goat skins. 

Because of the lesser development of glands, tlie goat, like the calf, Iras straight 
liair follicles and so grows straight hair. The epidermis is the very thin dark line 
forming the upp(?r lanmdary of tlie skin. It dtps down into the derma, forming a 
nearly straight follicle, whicli it lines and in which the hair grows. The erertor 
pili mnsclc is the thin line running upward to ilw right from the base of the fcil-- 
lide. The opening of tlu; sebaceous glands into the follicle ran lie seen just above 
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Fig. 30. Vertical Section o! Kiel Skin, 


Location : butt. 

Thickness ^ of section : 25 microns, or 0.00098 inch. 
Magnification: 50 diameters. 


the crector-pili muscle. Iwcn in the butt of the goat skin, the collagen fibers of the 
reticular layer tend to run horizontally, as in the belly of the calf skin. 

Bounding the lower surface of the derma is a layer of striated muscle tissue, 
whicli permits the animal to twitch its skin to shake off flics. Muscles of this 
kind arc often foitn<i as part of the flCvSh of many animal hides. Above and below 
the muscle may I)e Hinm renm.ants of a^lipose tissue. 
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Hybrids 

Because goat skins come from so mriny (lifferent countries, they vary gnaMtly 
in their suitability for making specific kinds of leatlier. In Cliina, it is eominoii 
practice to use male goats to guard the sheep, and there is iiunii interl)r(H‘f!ing and 
the progenies are straight-haired sheep. On a trip to (ihina, !^lr. (diaries H, 
Simmons, Jr. secured for the writer a specimen skin from one of tlu*si? straight 
haired sheep, quite typical of the great Chinese herds. A cross section from tlic 
butt is shown in Fig. 31 at a magnification of 25 diameters. 'I'he struetnre repre 
sents a fairly good average of the structures of both goat and sheep. 'Fhe thermo 
stat layer of this specimen is twice as thick as the reticular layer, ami the two layers 
show a marked tendency to separate. Practically all the tissues (*an n-adily be iden 
tided from the general discussions of histology given above. Hiis ty{H’ id hylnid 
is known as a cahretta. 



hui 31. V'ertical Section nf { 'hinese Sheri) Skin f Calirrlfai. 
hjicatinn: butt 

Thiekiiess y»f sciiion: Jh niKTuns. nr i«rii 

MaKuhheatinn : 35 diameters. 
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Courtesy The ueatner ManuTacturcr, 

32. Vertical Section of Horse Hide. 

Location: Initt. 

I'hickncsH ()f .section: 20 inicron.s, or 0.00079 mch. 
Magnification: 20 diameters. 


Horse Hide 

Tlie cmtstrmdtng [iccnliarity of hor.se hide lies in tlic reticular layer. In the 
butt area, there is a dense mass of collagen fibers so compact as to render leather 
made from it nearly air-tiglit and waterproof. Fig. 32 shows a cross-section taken 
from the Initt of a horse hide at a magnification of 20 diameters. The dense mass 
of fibm*s, often called the glassy layer, can be seen running horizontally across llu‘ 
reticular layer and apjn‘aring much darker in the picture than the rest of the* 
reticular layer. Only the laitt area of the hide contain.s this glassy layer, and it is 
known as the shell. leather made fnmi it i.s called canUnmn ami sometimes shell 
cordovan, as a double assurance that the sh(‘ll of the horse hide was u.sed. It takes 
its name from the province of Cordoba in Andalusia, Spain, once famous for this 
kind of leather. Although the butt area of the horse hide is extreme in its tight- 
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neSvS and solidity of structure, all the rest of the hide is extreme in its looseness for 
a large hide. 

In making cordovan leather, it is customary to split the shell into two layers 
right through the middle of the glassy layer and to finish tlie leather on the split 
side so that the glassy layer itself is exposed in wear. 

Hog Skin 

In the United States, when hogs arc slanghler(‘<I, it is customary to leave the 
skin on the meat; therefore relatively few domestic skins are availahh^ for tanning. 
However, there are strips of skin from over the lard areas that form a hy prodnei 
of the packing industry that arc tanned to make shoe coitnters and other artiel<*s 
not requiring great area. Most of the whole domestic skins that become available* 
for tanning are of low quality because of grain damage and jinor Haying, 'fher** 



hkc. 33. Vertical Section of Hog Skin, 
l.ocation : butt. 

IlikknesH ^ of section: JU iiiicronN or tHHKi/*; luAu 
Magnification : iU diameters. 
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is a demand for hog skins for leather for saddles, hand bags, etc., but the best skins 
are obtained from foreign countries. 

Fig. 33 shows a cross-section of the butt of a domestic hog skin at a magnifica- 
tion of 20 diameters. It differs from other skins in a number of ways. The 
reticular layer consists almost entirely of adipose tissue, which extends well up into 
the thermostat layer. Since the adipose tissue is removed preparatory to tanning, 
the hair follicles in hog leather appear as though they completely passed through 
the skin, but this is not so. Apparently hair follicles never penetrate quite to the 
bottom of the true skin in any animal, although the leather gives that appearance 
whenever all the reticular layer and a part of the thermostat layer consists of 
adipose tissue. 

The hair follicles of the hog are unusually large; they cause the hair to grow 
so large in cross-section that they are referred to as bristles. The sweat glands 
develop in adipose tissue and the sebaceous glands are not highly developed. 
Instead, the thermostat layer contains a high development of collagen fibers. The 
epidermis is unusually thick and nerve papillae pi'oject into it at rather short inter- 
vals, contributing to the roughness of grain surface of hog leathers. The hairs, 
being large, offer an opportunity to study the hair papillae in detail. Even at the 
relatively low magnification of 20 diameters, the hair papilla can be seen very 
plainly. The bottom end of the hair bulb appears like a pair of pincers with the 
jaws slightly open and facing downward. Passing tlirough the opening in the jaws 
into the large open space above and resembling a candle flame in shape is the hair 
papilla, which contains blood vessels which supply food to the reproducing epithelial 
cells that eventually form the hair. 

Grain Patterns 

The design of the grain surface of leather not altered in any way is distinct for 
each species of animal, and the fineness of pattern is an indication of the age of the 
animal. Each pattern is a composite of the openings of hair follicles and pores, 
the presence or absence of nerve papillae and the effects of structures of thermostat 
layer and epidermis. Figs. 34 to 39, inclusive, show grain-surface patterns of the 
cow, calf, sheep, kid, hog, horse, camel, bear, guinea-pig, horned toad, albino rat 
and salmon, respectively, all photographed at exactly tlie same magnification of 7 
diameters. 

The number of hair follicles per square inch of hide surface varies not only with 
the species and age of an animal, but also over the area of a single hide; conse- 
quently, comparisons according to age for the same kind and breed of animal can 
be made reliably only when the specimens for examination are taken from exactly 
corresponding locations on the hide. This was done for the calf and cow spccimen.s 
shown in Figs. 34 and 35. Both were taken from corresponding points of the butt 
area. 

Taking into consideration the fact that one square inch of picture represents 
only irtth square inch of actual hide surface, it will be noted that one square inch 
of actual calf leather shows about 16,000 hair follicles, but one square inch of actual 
cow leather shows only about 5,000. The calf skin had an area of about 12 square 
feet and the cow hide about 38 square feet. The cow hide thus had an area about 
3.2 times as great as the calf skin and the calf skin liad about 3.2 times as many 
follicles per square inch of surface. This confirms the writer's theory that an 
animal is born with all the hair follicles it will ever have. As the surface area 
of an animal increases during its growth, the cross-section areas of the follicles 
increase and hairs of correspondingly increased cross-section areas are produced, 
but the total number of follicles apparently docs not change. Some hair falliclcK 








411)1110 Rat 


Salmon 


40. Caniei iiide. Fio. 41, Bear Skin. 

k'Ki. 42. Guinea-pig Skin. Fkj, 43. Horned-toad Skin. 

Fig. 44, Alhino-rat Skin. Fig. 45. Salmon Skin. 

Grain Surfaces of Tanned Skins. 

Location: butt. 

Magnification: 7 diameter.s. 
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may remain in a nearly dormant state until the afje of pnbeiiy is reached, when 
a marked increase in available food supply occurs; hut the follicles probably were 
present at the moment of birth. 

The rough pattern of the sheep grain surface reflects the spongy thermostat 
layer and curved hair follicles below, and that of the hog the large follicles and 
nerve papillae. The kid and horse show the peculiar tendency of tliese animals to 
have large and small hair follicles arranged in characteristic patterns. In fish, tlic 
hairs are called scales because of their shapes, in which one dimension of a cross » 
section is very much greater than the other. 

What is known of the subject matter of this chapter wotdd fill many large 
volumes. Hundreds of volumes could be written on all the jihases of leather 
manufacture. In order to present those interested in leatlier with an easily read- 
able work, it has been felt necessary to limit the pre.sentation to the won //non that 
a successful tanner should know, indicating so far as is practical w!i<n*e la* can 
find such further information as he may desire. It is hoped that tlie cnrit>sity 
of many readers will be aroused to the point that they will master the teelmic nect-s^ 
sary to independent studies of the histology of animal Iiidc and add to the general 
knowledge. . ^ 

The references given a;|,.the end of this chapter arc far from complete, l)ut they 
will enable the reader to get a better view of both sides of controversial points 
and to learn more about the general subject. 
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Chapter 2 

Preparing Hides for the Market 

lu the larj^cst packing plants in the United States, every detail of work involved 
in the slaughter and Haying of the animals and in tlxe curing and bundling of the 
hides has become liighly specialized. In flaying an animal, the work is done by a 
dozen or more highly skilled butchers, each a specialist in one single operation. 
One result is that flaying damage is reduced to a minimum and the hide is cut to a 
corrt‘rt pattern. Tlie ixattern of a hide is its contour when laid flat on the floor, 
flesh side up* The otUline of a hide of correct pattern is shown in Fig. 46. Another 
result is tliat the curing of the hide is done more efficiently and there is less damage 
from putrefaction. The hides from these huge plants are known as big-packer 
hides, and they have become tlve standard for pattern and condition by reason of the 
higldy specialized nature of the workman.ship in the complete removal of the hide 
and its subse<|tient curing. Each workman ])erforms only a small part of the work. 
I1ie re|>eated skinning of only one portion brings his work closer to perfection than 
is possililc when the same man performs a numl)er of different operations. Since 
any defects in flaying lower the value of a hide for making leather, the big-packer 
hide is taken as tlie standard in workmanship. 

In the smaller packing i)Iants, fewer workmen are available to perform the 
operations and tlie same degree of perfection is not reached. Hides from the 
smaller plants are known a.s small-packer hides. Next below these in quality 
are tlie city-butcher hides. The larger animals are usually flayed in the city abat- 
toirs; if there are several aixattoirs in a city, the work of flaying may be pooled 
and all done at one |»lant for greater efficiency, Calves are often delivered cold to 
local biitdiers, wlio really cut tlie meat out of the cold skin. The skins are kept 
c<dd and accumuhit<*d until collected hy dealers who take them to special plants 
for curing. 

At the bottom of the list are the country hides, which vary greatly in quality. 
Tlur animals may he of as good grade as those in the large packing plants, but the 
Haying may be done by an individual farmer or by a country butcher and much 
damage may result from lack of skill and experience. The hides are often badly 
cut, scored and of poor pattern. As they may be sold without proper curing to 
small collectors who, in turn, sell them to larger dealers, they may come to the 
tanners with putrefactive as well as flaying damage. They present much more of a 
gamble to tanners who are not fully aware of tlieir In.storics, but their price is cor- 
respondingly lower than that of packer hides; and clever tanners, knowing how 
and where to buy them and how best to handle them upon arrival, have Ixeen able 
to make them a source of consideralde profit 

A great canlributi(m to tlie literature on hides was rec<*ntly made l)y James 
Trice, Jr. in his book “North American Ikicker Hides,'' published by Pratt Bros. 
(,*o., New York and ('hicago, publishers of Pratt*s Reports and the Daily Hide and 
Leather Market. We are indebted to Pratt Bros. Co. for permission to quote freely 
from tins l>ook and ft>r the use of the cuts shown in Figs. to 54, inclusive. 
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Slaughter 

In a big i)acking plant, the cattle arc driven into knovking pens, where the 
knocker stuiivS each one by a blow on the forehead with a light sledge. I'his crushes 
the bone into the brain structure and renders the aninitd obliviotts of the Hu!)se<iucnt 
slaughtering operations. The stunned animal is then <luinpt*d onto the killing fh)«)r 



(imtimv Ta.nn^ts* i'mmii ttf 

I'lc. 46. Correct or Stiimlard Pattfrn (Outline) of ISin piickcr llidr ShuwiiiK Atrat 
Ilf the DilTcmit Itiitidier OixTatiims in I-daying, 


rtnd .shackled with a heavy diain around one or Imtli hind !i‘Ks, it is then hoisted 
to an overlicad rail and liun(j-off. hwid downwartl to await the slii kir, who inserts 
his knife into tlic dnvlap, or .rtickinn f>iirc, in tin* center of tiie neek, wiiere sitelt a 
cut will not mar the pattern of the hide, and .severs the jiiKttlar vein. The hlmni 
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is then drained from the animal. At this point, the animal is dead and the process 
of flaying*, or removing* the hide begins. 

Flaying 

The first operator is the header ^ who approaches the animal, still hanging head 
downward and draining, and inserts his knife at the top of the head towards his 
left and cuts across the top of the animars face, continuing downward along the 
left .side, at the same time skinning out the pate and face of tlie animal. The cheeks 
are then skinned out and the neck is opened up from the sticking cut through the 
center of the lower lip. The top spinal-column joint is then severed and the skull 
dropped to the floor. 

The carcass is then moved by conveyor to the skinning bed, lowered to the 
floor and placed on its back and held upright by means of a pritch pole placed just 
behind the foreleg and against which the carcass rests. The loggers then skin out 
the fore and hind legs and remove the shin bones with hoofs attached; the legger 
cuts the sinews, or tendons, joining the hoof to the leg, at the back of the hoof. 
Cutting off the dezvdatus, the legger opens up the shanks with an upward cut fi'om 
the hoof to the back of the knee. 

While still in the pritclied position, the carca.ss is opened at the belly from the 
sticking piece to the tail. The flaorsman then starts working on the side opposite 
the pritch pole. He inserts his knife between the beef and the hide at the center 
of the belly to start removing it from the sides of the animal. His knife-work deter- 
mines whether the hide will ])e of good pattern and free from defects in its most 
valmible portions. He starts removing the hide at the forequarter by starting hi.s 
cut well forward on the brisket in advance of the foreleg and cuts backward on a 
slant to the back of the foreleg knuckle. 

In opening up the hide at the butt, the floorsman starts cutting upward from 
the opened center cut, beside the hag in cows or scrotum in steers, and about 6 or 
B inches from the tail, depending upon the size of the l)ullock. This cut is con- 
tinued upward to join the cut of the hindAcggcr at the back of tlie knee joint. 
Having com|)leted the skinning of one si<le, the floorsman rocks the carcass to 
change the pritch pole to the otlier side to permit the skinning of the opposite side. 

While pr itched up, the caul fat, sweetbreads and wcasand are removed. The 
breast and aitch bones are sawed to facilitate separation of the carcass into two 
side.s of beef later. The carcass is then hoi.sted slightly l)y hooks placed in the 
hind-leg gams to permit skinning out the hind quarters. The tail-puller skins and 
pulls out tlie tail bone and tlie fcll-cutter removes the hide from the hind legs at the 
round. 

The rumper cuts the hide away from the base of the tail and rump. Fell-heaters 
then remove the hide where it adheres tightly at the front of the round and flank, 
beating it with the backs of cleavers as other workmen hold the hide taut and 
pull it from the beef in this area. This removes the hide down to the hips of the 
carcass, which is then raised to a half-hoist position, with the shoulder and neck 
on the floor, where entrails and pluck arc removed and presented to the govern- 
ment inspectors to examine for disease. The hacker then drops the hide from the 
base of the tail to the shoulders with cautious knife work. Splitters then sever 
the carcass into two sides as far down as the shoulders. 

TIic carcass is then raised and hung-ofl on wheeled rail trucks, permitting the 
complete removal of the liiile. The clcarcr-oiU .skins the hide from the fore legs 
and under the sides of the neck, following which the hide-drop per removes the hide 
from the shoulders and remaiiidm* of the neck. The hide is then spread out on the 

. :a i 
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are pointed out to the butcher causing' them. The (/recn hide, at this stage, weighs 
between 6 and 7 per cent of the animal’s live weight. 

The various operations involved in Haying can be followed in greater <l('tail 
by studying Fig. 46. The contour of the hide shown r(‘pres<‘nts the correct or 
standard pattern of a ])ig"packer hide, hhich outlined portion .show.s tlie area 
covered by an expert in the Haying of that partictilar area. 

Fig. 47 is a photograph taken on the killing floor ot a large packing plan! show 
ing variou.s stages of the Haying operation. 



Anmmf 

Vui 47. Flaying Cattle Hides jn Big^Faekcr Flam, On the left, rattle are shown on 
hang-rail, headed and draining of hl<H«i. In the foreground, a Irggm v. r-!dnniiu: a 
himi leg. Just hdiind, a Hoorsman is starting his work. In the f..irKgiMunt! lUle i 
stages of the flaying ran In* seen. 

Curing 

After Haying, the green hide h dropped dowii a chute to the huh* rrllar. llie 
operations of killing and Haying fuaieeed so rapidly that the hide rrarliiiig the rellar 
still ccjntains much of th<* animal Iieat ; therefore it is alhnved to cool for nearly 
two hours before curing is started. Wtn-knten first inspect it idass. grade and 
weight and then trim off the snout, lips, ears, earlmse fa! and gristle to efiitlonn 
to standard practic<^ Because of the rapidity with whidi haeterial ariioii sets in, 
it is inif/ortant not to delay curing after the liiile lias eotded to rotati temperaltire. 
On tlie other hatul, it euriiig is started lieftne the Innly heat is diHsipatcil, bacterial 
aeti(m on the hide Is encouraged. 
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Building a Hide Pack 

Price describes the details of the curing operations as follows : “The site selected 
for building the hide pack should have good drainage toward the front, with gutters 
or sewers covered with wood, and should be of fairly large area. This is necessary 
so that the curing shrinkages will not be excessive and hides will remain moist and 
in good merchantable condition. There is no hard and fast rule for pack size, but 
length should be about twice width, say 15 by 30 feet or 20 by 40 feet in area. Pack 
heights should not exceed four to four and one-half feet to secure the best results. 



Courtesy Armour Livestock Bureau. 


I'hG. 4B. Salting Hides in the Pack. Two hide spreaders hold hide on one of the 
side edges for the salt thrower to cover with salt. 

“It is well known that folded hides show a greater shrinkage in curing than 
unfolded ones. Therefore the larger sized packs have greater numbers of hides 
spread out flat in the fills than folded in the edges. Short, small or narrow packs, 
built to a height of more than five feet usually show excessive shrinkages. Also 
summer hides show larger shrinkages than those of winter production. Winter 
hides have longer hair to retain dirt and moisture, and the lower winter tempera- 
tures retard chemical action somewhat, although the big packers try to maintain 
uniform temperatures all year around. 

“Having selected the spot where the pack is to be built, No. 2 size rock salt 
should be scattered liberally on tlic bare floor so that the hair side of the bottom 
layer of hides will be protected with brine, and also prevent the hides from sticking 
to the floor. As a further precaution in the preservation of hides, it is advisable to 
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build the packs level, to retard the run-off o£ brine, an<l hold shrinkaji^cs to normal. 
As a result, the hides remain merchantable lonj^er aiul they do not dry out.” 

The Back Edge 

‘^To .start building the pack, it is necessary to place hidt^s along the back and 
side edges to outline it. The first hide should be placed in one corner of the back 
edge, head to center. The two hide spreaders gra.s|> the hide, folded tlesh side in, 
by the shanks and the head or tail while carrying it to its posit imi in the pack. 'Fhe 
lower portion is dropped so that about three-fourths of tlu‘ hide is on tlie lloor. 
The remaining fourth is held upright by the .shanks and belly while a third work 
man, the salt throzver^ spreads No. 2 size rock salt uniformly upon the tipturned 
flesh side. [See Fig. 48.] 



“In making the.se back and suit* e<lges, it is gtiod indicy to let the upright held 
side exteiul or sag over the edge of the pack, when being held ft»r the salt titrowrr, 
This permits a lot of salt to ftll this lap, to In* retained there tt» help Inilld up the 
edge. Fold the edge of the hide over, allowing this sag to remain, and iheii gently 
pull shanks, Iiead and ludly toward the eetiter of tite fnack until tlie edge 1% in lt% 
j)roper place. 

“It is unwise to imll the top lap hack, unless the entire hide is pullei! with it. 
ami even then there is danger of dragging salt off the hiile wndt*rnral!n Tliis first 
hide placed in the pack should have hut one fohl and be laid full length m close to 
tiu* corner as po.ssible. 

“The next liide is lai<l in t!ie side edge, head toward the front, leaving enoiigh 
(d tile hutt beyond tlu* liack edg<‘, so that it ean be !hr<»wn over to fortit a corner. 
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[See Fig. 49.] In making this or any such corner, see that the flesh and hair 
sides of the overthrown portion are well covered with salt, and a generous quantity 
tlirown into the pocket to make a strong corner. 

^‘Having l)egun one hack corner, the opposite one should be made, and then 
the entire back edge between them filled in, interlapping at the center to form 
a stable and uniform foundation.” 


1^'IG. SO. 

Sliowing How Side Edges 
Are Applied After Corner 
Hides Are in Place. 



Side Edges 

‘‘With the back edge completed, the sides can be continued to the front of the 
pack. This consists of lapping hides along the edges from hack to front, in the 
same manner as in the back edge. Heads arc [ilacecl toward the front of the pack. 
The coriKU* having been completed, it is not nc‘ccssary to fold over the !)ult of the 
second side edge hide. Winter hides should he spaced api)roximately two feet 
apart progressively toward the front edge; summer hides slightly more. [Sec 
Mg. SO.'I Wlicn the front of the pack is reach<*<i, the lu*ad ami shoulders, or butts, 
are folded over, as in the back of the side edgo, to start the corner of the front 
edge. 
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*‘The pack edges tend to provide sloping surfaces to retain brine within the 
pack and permit its escape slowly by percolation. With the three edges completed, 
the spreads can be put in place, to build the layer up evenly. Place the heads of 
the hides toward the center of the pack. The first hide should be spread flat, flesh 
side up, shanks about a foot from the back edge, and the butt about the same dis- 
tance from the side edges and upon the flesh side of the side-edge hides. Then 
successive hides should be spread progressively toward the front, with about two 
feet separation to match the side edges and maintain the pack as level as possible. 

I See Fig. 51. | d'he spread hides arc lapped as they reach the front to form the 
front edge. Repeat this first spread on the other side of the pack.” 

The Spreads 

^'Then the second spread is jiut on, with the butts of the hides placed on the 
side edges, tails, overhanging shanks, and tag ends lapped over and salt placed 
under them. [Sec Fig. 52]. With the second spreads applied to both sides of the 
pack, the center spread, completing the /?//, can be put in. Heads can be turned 
either way so that low spots or unevenness in the other spreads can be levelled. 
Hides arc lapp(‘d as they reach the front to complete the front edge. 

“Hide .s])readers grasp the hide by tail and head, flesh sides folded together, 
and hold both shanks in the. other hand, carrying same to its position in the pack. 
(!are must lie exercised not to drag any portion of the carried hide over those 
already salted, so as to exfiose the underneath hides to decomposition or poor cure, 
where such dragging occurred. Each spreader drops the underneath shank and 
throws the otlua* one over with one motion. The salt on the underneath hides 
will not he disltuFed, if hides are handled in this manner. 

“Salt nsually is spread with a No. 8 scoop shovel, holding 30 to 35 lbs. of salt. 
It is applied witli a sweeping motion so that every portion of the flesh .side of the 
hide is covinaal uniformly throughout. A ])ound of dean, pure salt to a pound of 
hide is a safe rule to follow, or about two .scoops of salt for the average hide. 

“Where hides have lieen folded over, as in the edges, or to fill uneven places 
in the spreads, the liair side, which is exposed should have salt sprinkled on it 
before another hidi* is placed ai)ove it. 

“With the first layer of ludes completed, succeeding layers (edges and siireads) 
should he put down tmtil th(‘ pack has reached the desired height. In some plants 
the last layer of edges an<l fill is put on mtxeh closer, so that there is a distinct 
slant to the hides as they ai)proaeh the front edge, llowever, when the pack is 
compl(‘li‘d, it shouhl he levt*l throughout its entire length. Generous (piantities of 
salt arc spread tin tliis last layt‘r, so tliat not a particle of any hide is showing, 
lliis is tcrme<l hiyin(/A)ye the pack. This procedure will make a strong brine 
which will p(‘rcolate through the entire pack, keeping every hide moist and in good 
iiH'rchaiitable condition.” 

Whrvv there is a large :ui«l <‘outinu()Us flow of green hides to the hide cellar, 
liicle parks can be bnil! np correspondingly (juirkly, but in small plants, it may 
take as b»ng as a moiitli to g<*t hides (‘iiotigli to Imikl up a pack. Hiis is undesirable 
because tlu‘ g,reeu hides plaeed on top are continually losing water, which jiasscs 
thremgh the pa<*k to the earlier hides hebwv and upstds their proper eonditioning. 
llHter hides are obtained when a park is huilt quiekly. Most of the belter liide 
ctdiars are kept at a uniform {e!iip<'ratur<‘ of ahont 55 1^'. When‘ tlie temperature 
is IiigluT tlran this, greatei* dirinkages in the stot‘k ocettr. Air blowing over the 
packs tends to cause the t!dg'eH to dry out, au<l .so drafts are avoirletl. After the 
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pack has been completely built, it is usually allowed to remain undisturbed for at 
least 30 days to effect complete curing*. 

Curing Action 

The object of curing hides is to protect them against the putrefactive action 
of bacteria until the tanner is ready to start their conversion into leather. Salt does 
not kill bacteria, but it restricts their activity and reproduction. Wilson and 
Vollniar found that bacteria from a tannery soak water would not develop in a 
6 per cent salt solution under otherwise ideal conditions for their growth. The pri- 
mary object of tlie ela])orate procedure described above is to saturate the water of 
Ihe hides with salt so as to restrict bacterial action. Time enough must be allowed 
to permit the diffusion of salt to every part of the hides. 

The use of one pound of salt per pound of hide represents much more salt tlian 
can l)e dissolved by the water of the hide, but it tends to insure a more ra])id and 
complete diffusion of salt into every part of a hide and to produce a saturated 
solution. IVTcT.aughlin and Theis found that 62 per cent of the green weight of a 
hide consists of water. The 62 ll)s. of water contained in 100 lbs. of green hide 
can dissolve a maximum of only about 23 lbs. of salt, leaving 77 lbs. undissolved. 
Wlum the hide pack is taken down, some of the undissolved salt is recovered by 
shaking it off the hides, hut such recovered salt should l)e washed before reusing 
to prevent the staining of hides often caused by impure salt. The washing also 
removes bacteria that adjust themselves to salt and l.)ecome salophilic. 

Shrinkage 

During the curing oi)eration, the salt causes much water to come out of the 
liides and to drain off as brine. This causes the loss in weight of the hides that is 
known as shrinkage. This docs not represent any real loss, but it becomes very 
important in determining the price at which the hides can be sold. Where the 
shrinkage is larger, the water content of the hide is c<)rres[)ondingly .smaller, and it 
is worth more per pound because it contains more leather-making material per 
pound. In an t‘xperimcnt on effects of curing, M'cT.aughlin and Theis found that 
100 l))s. of grt'en hide, containing 62 Ihs. of water, lo.st 35 lbs. of water and gained 
6 lbs. of salt. 

Effects of Delayed Curing 

It is well known that bacterial action sets in very soon after the death of an 
animal, making it dcsiral)lc to start curing as (piickly as jjossiblc after the animal 
heat of the hi(le has been dissipated. McLaughlin and Theis found also that delay 
in starting curing causes tine salt to be taken up l)y the hide at a very imich slower 
rate, tending still further to favor bacterial action. First they showed that salt 
is absorbed 25 times as rapidly through the flesh side of the hide as through the 
grain side, whidi can readily be appreciated from the knowledge of the structure 
of the epidermis gained in Chapter 1. Then tlu^y found that delaying curing only 
oiK! hour caused the salt to diffuse into the hide only 69 per cent as fast as when 
curing was started at once. A delay of 6 hours rcductal this diffusion rate to only 
26 per cent. 

Ultimately the hides became saturated with salt, but the retardation of its dif- 
fusion into the hide permitted more time for putrefactive changes which lower 
the leather yield. The coagulation of blood and of coagulaldc proteins in the liide 
retard greatly the diffusion of salt into it. McLaughlin and Rockwell found that 
the blood left in hides not only greatly favors bacterial action, but greatly increases 
the amount of salt rcc|uired for effective preservation. 
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South American Hides 

Arg'cntina is an important cattle- ra. is country and natni'ally has dcvolojjcd 
a 8'reat ])acl\inii;’ industry, wliicli ships much Irozcn heel to all parts ot the world. 
For each animal slan.^iitered, there is, of course, a hidi‘, and Arytmtina has h<*come 
noted ns an enormous producer and exporter of hides, d'he hides from their larger 
packing' houses arc known as Frigorifico hides and are coinparahle to our hig pacJy'cr 
hides. In the matter of curing, they may he considerisl stif)erior to otir avc‘rag(‘ 
run of big-packer hides. 

Before slaughter, the animals are washed thoroughly. After tlaying, the hides 
are washed to remove bloofl and soluble ])rotein matter and the hair is seraperl tmdm* 
a spray of water. The flesh side is then brushed vigorously and surplus fledj is 
removed. They are then soaked for 4<S hours in strong brine and dnnmsl, alter 
which they are salted. 

McLaughlin and Theis performed a very int<‘resling series oj espeiiinent s 
showing the unniistaka1)le advantages of tlu‘ l^'rigoritico uudliod <»ver that u ael in 
curing hides in tliis country. As (sach hide bdt tin* eareass, it was ‘-plit <!o\vn the 
line of the backbone into two sides. Oiu‘ sidt* was salt(*(l aceording to the method 
used in this country within an hour aft(*r flaying; the oth<n* uas washed at onee 
with running water, soakcsl for 31 hours in a 25 p<*r cent salt sohition. drained and 
then salted. The treatment given bd't and right sides was alternaterl. \j!er to 
8 weeks of curing, the various lots of sides w<‘re shi}>pt‘<l to a number oj ditiVtf’nt 
tanneries to be tanned for sole leatlnu', the two sitb*s ot eaeh bid<’ gotne. to-oibei. 
The l)rined sides jirodueed more leather than tin* ^ades tnerely salted and tl!e\ uere 
thicker and liniKU' and had only about om* tenth as many salt st;iins. 

The loss in weight from tin* giaa-u state to the tajimny jasanved state u,o* 
per cent for the stock tliat was only salt<al, hut hhtKj per cent ior tiu* htisn' 1 stock. 
If no leather -forming mattu'ial was lost with cither cure, t!»e hriued stock shotild 
have j)roduce<I l.flM times as much hsatln’r as tlu* salted sttn-k or a gain of I I per 
ct'nt. The actual gain was 2.{) per tamt. ‘riiat the gain was a tea! one is indn ated 
by the fact that the brined stock gained O.S per cent more a^ tmished .ole hauhej 
than the salted slock based on the green weights of the sides, Becattse the pin 
centage gains appear to he small, many tanners havt* express’d doubt as to whether 
they would justify the premium that would havt* ti» he paid for the lu tniisg ♦^peiatiou. 
However, since sonic puckers are brining a piulion id their liides, tlieie is a po*. 
sihility that the nudhtHl may ultimately l>e generally arlopted iji tins cotmiiy, 
liriiiing is valuable to the tanner in giving him a more nnifottnly caned mafriial 
in addition to a gain in wadght yiehl. 

Pickling 

Of the more tlian 4‘i million sheep and lamb shins unnle av;ii!ahle to Aiiieiicati 
taniuu's in VKl^K nearly 22 million wane of domestic produ’tion, More lliaii 17 
million animals were slaughtered in <Iomestii* parking fikintc under hVdfual tnspre 
tion. Sinc(‘ wool is a valuable by-product, many packers mncjve ifir wool from 
the skins h(d<ir(‘ piaaparing the skins for the market mnl tliu'". perform on iltnii a 
part of the work wlu(di tanners d<i on the other type-^ of liide** and -^kinN. 

In stime parking plants, after the tlaying <»|.»era!iim, the skins are coated on ili#-' 
Ihcsh sid<‘ with a paste madf’ from lime and sotfitiin sniiide and allowed to liany 
over night, llie lime ;tnd sullide diffuse through the skin to the epideriiiiw destroy 
ing the epithelial li’caje^ that line the hair follicles. 11ii''* |or»M*ns th«* \vof4 so llial it 
may l>e pulled f>r rnhlHsl from the skins, 'hhe dewoolet! skin-s are then liriied. fialrtl, 
washed and piekled. 
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The pickle liquor is a solution of sulfuric acid and salt and is usually applied 
to the skins in a vat etiuipped with a paddle wheel, which agitates both liquor and 
stock during the pickling operation. Into a paddle vat of 2500 gals, total capacity, 
a solution of 2500 lbs. of salt and 200 lbs. of sulfuric acid in 1900 gals, water is run 
and intimately mixed. Then 5000 lbs. of bated sheep skins is dumped into the 
lifluor witli the paddle running to turn over the stock and liquor and maintain inti- 
mate contact of skins and liquor. The alkaline materials contained in the skins neu- 
tralize some of the acid and some acid combines chemically with the skin protein. 
The result is rapid disap[)earancc of much of the acid. At intervals, samples of the 
pickle liquor are analyzed to determine how rapidly the acid is disappearing. After 
several hours, successive samples show no further change in composition, indicating 
that an equilibrium has been established between the skins and the liquor. Addi- 
tions of acid and salt are made so that when equilibrium is estal)lished, the liquor 
will contain 1 lb. of srdt and 1,^ oz. of sulfuric acid per gallon. The stock is then 
hank'd out, allowed to drain and bundled for shipment. It is referred to as pickled 
stack. 

If pickled shee|)skins are kc|)t at temperatures not exceeding 70*^ F., they appear 
to undergo no decompositifjn, even if kept for as long as two years. However, if 
lh(‘y are stored in a iilace wliere the temperature may exceed 90°F., the acid tends 
to gelatinize the skin til)ers and much harm may 1)C done. Very much less acid 
tlian is used would elTectively ju'otect the skins against bacterial action, but would 
permit the growth of molds. The amount of acid used is the minimum that will 
protect the skins from becoiiiing naddy. As an added protection against molds, 
suitable fungicides are often added to the pickle liquors. 

Drying 

Prohahly tht‘ most elTeetive melliod of preserving animal skin against decom- 
position is to dry it. Ibactcria and molds require water for their activity, and 
thoroughly dried skin.s may he kei)t indelinitely without danger of decomposition. 
However, it is not a simple imittcr to dry heavy hides without a considerable 
amcnint of decomposition occurring during the drying. If the hides are dried too 
rapidly at first, the outer surfaces become hard and dry while the fibers inside 
an‘ still wet. d'his greatly delays the removal of the water from the inside, and 
putrefaction may set in ladore complete drying is achieved, which does not become 
evident until the tanner gets them and wets them back to start his operations. 

If the drying is carried on too .slowly, putrefaction may set in throughout the 
hide long before it is c()iiq)h‘l(dy dry. In many tropical countries, the temperature 
and rek'ilive humidity are usttally very high, and proper drying C(iuipment is not 
availalile, making it necessary to re.sort to various procedures to prevent decom- 
position during the drying. 

Where hitlcs and skins are produced for domestic consumption, it is usually 
more satisfactory simply to cure them rather than to dry them, Imt drying is prefer- 
able in many remote countries where facilities for drying are much better than 
tliose for curing and the stock must 1)C Hhi])ped over long distances. When hides 
and skins arc simply drie<l without the addition of any salt or other material, thc'y 
l)ecomc very hard and stiff and so arc referred to as flmt hides, or flint-dried hides; 
sometimes merely as dried Indes. 

During the drying of a hide, tlie fibers lieoome very firmly glued together and 
thi.s presents the tanner with the serious problem of getting them soaked back 
properly witli water without causing any damage to them. With cured hides, he 
has only to .soak them in plain water and proceed witli his operation.s. Dried hides 



72 


MODERN PRACTICE IN LEATHER MANUFACTURE 


also represent more of a g’amble to the tanner in his purchases because he cannot 
see what damages they may have until he already has them in process. 

Salting and Drying 

The danger of putrefaction during the drying of hides and skins can he greatly 
reduced by salting them before proceeding with drying. Stock of better quality 
is produced and the tanner has much less difficulty in soaking them l>ark to a normal 
water content. Hides preserved in this way arc known as dry, sailed hides. 

Although pure salt is plentiful and cheap in the [Tnited States, it is scarce 
and expensive in many other countries. Sometimes tlie only salt that is available 
for preserving hides economically is very impure and may contain salts of aluminum 
and other materials that have a tanning action on the hide, 'riie salts nsed in 
some localities so affect the hides as to canse the tanmu* the most annoying difh- 
cultics in his various operations, particularly in getting the stock proinniv tmliair<*<l 
without damage to the slock. 

Although some dried hides anti skins from almost every kind ot animal arc 
imported into this country, most of the cattle hides and skins and horst‘ hities are 
cured and arrive in the grc(*n, salted state and most of tlu‘ sluH'pskins arc |uckh*d, 
but the vast majority of goat skins are dried or dry, saltt‘d, B<‘ing very small, 
goat skins lend themselves la'adily to drying and thiw ar(‘ tisually shippe<l from 
remote parts of the earth. 

Of the more than 39 million goat skins nia<k* available to American tanners 
in 1939, nearly 38 niillion skins were imported as dri(‘«l skins, many of which were 
salted before drying. Only a little over one million were* importe<i in the green, 
salted state and only about a quarter of one million were of domestic production. 

Bundling Hides and Skins for Shipment 

In the big packing houses, the first operation in preparing (lu* hides for slop 
ment is the pnllhuj of tlu^ hidt* pack, wliich has Ihth fully cured. Pulling t\ jte.f 
the reverse of the proctslnre involve<I in huihliug the hide \m'k, 'fhe fust hiilen 
to conu' off the pack are the last oius that wen* put in the front edges of tlie cimter 
sprea<L d'he hides art* then taken off pr(^gr<*ssiv(*lv toward the hark edge. 'Then 
the second siuasmls are rtauoved, follnw<*d by tlie first .spread*^ and t!ie side and baek 
edges of eacli layer. ICach hide is u.sually tak(*n by two men and dragged to the 
front of the hide pack, bringing as imich loose salt with it as possible, Hie hide 
is tlien turned over with the hair siile np .so as to clump most of the* <*\ca*ss salt «»uto 
the floor, from which it is trucked away to he* reused after ehsming, 

The hick* is then dragged onto a wooden harsc, which is n*etanguiar in '.liape, 
about 4 by 7 feet, and rests on legs about two feet higlu It is slatted or eross 
braced so as to provide a surface on whieli Iiick*s may he |>!aeed to sftakc* off the 
adhering salt. Idmr men grasp the Iiicle by tiie shanks and centers and raise and 
slap it vigorously on the horses The hide is then turned flesh side* up and drawn 
across a heaver to scrape the salt from tlie hair side. Hie heaver emedsts of lw»» 
long, lieavy planks jmt together in the form of an inverted F. 

At this point, the hidi*s are inspected and graded. It is eustfimaiy for tlie 
tanner or hide buyer to have an inspector mi hand to see that the Itidf*s arc* a‘» tep 
resented in the sales eontraet. The inspectiiin and grading will be dtseiiSHed in 
i‘hai)tcr 6. 

When the hides an* bimdhsl, the purchaser may determine whet!if*r fir prefers 
them to he rolhs! witli the hair side in or out. In the No. 1 seleeltoiis, where 
it is desired to protect tlie grain surface as nmcli as ptcvdlde, it is customary to roll 
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the hides hair side in to protect the grain surface from damage in dragging the 
Iiide across the iloor. Hides rolled with the hair side in remain in a more moist 
condition because the hair retains much moisture when rolled in and the stock 
reaches the tanner with less transit shrinkage. The No. 2 selections, which are 
much fewer in number in the big packing houses, arc usually rolled flesh side in. 



Fin. S3. Initial Steps in Folding a Hide in Bundling. The head and shoulders and one 
belly hav(! been folded over and the right front and hind shanks have been laid on 
tlic folde<I btdly portion. 

Price describes the i’mal rolling and bundling as follows: “To roll hides, the 
head and neck of the hide art* thrown in a point even with the forelegs. Then fold 
in the ]»<‘Ilies ami lay llie shanks upon this fold, hair to hair or flesh to flesh accord- 
ing to stdection. [See Fig, 53.] Fold the two outside edges to the center line of 
the hidt* and then |)lace the two folds together. The hide now is laid out in a long- 



strip, fifteen or eighteen inches wide, [See Fig. 54.] Throw tlui butt [lortion 
forward beyond the middle of the strip, then the forward part is folded over on 
lop of this already fohled butt portion, and again the laiit end is doubled over to 
make a neat square hundle. 
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“Hides are usually tied with either jute or sisal striiie;s haviut; several pliei and 
of about 7-ft, leng'ths. A howliiu* or hide knot, whieh holds its loop, js ti<*d in • 
end and a runniii.i;' noose is made therc‘in, whieh is slipped ai'ound the rolled 
bundle from side to side and drawn taut in tlu* center ot the bundle. 1 he ,.frini: 
then is looped crosswise around the tolds ot tlu‘ bundle and setuu'ely knotted with, 
a slip knot, so that the strin.^' may he reused it ntaassNirv. Hide rope ueieiiinp; 
more than ten pounds per ItH) strin|.''s is frowncal on by most inspcalm's and addi 
tional tare demanded. The bundled hides are then testt'd hn* proper weight 
divisions and piled, five hiifli, to await shipment.” 


Dried Stock 

When hides or skins are dried, they beconu' .so hard that it is impossible tit told 
them up into ne.at bundles, (loat skins are so small that they is'm be laid out lull 
size into bundles of a dozen each and liainlled <sasjly in shipment. Man\ dried 
sheep skins come to this country with the wt»oI left on s(j that they i*an he tanned, 
with the wool on for coats or for .slipjKM's. .Many of the e are lolileii i»\rr once 
along the line of the jjackhone and can then he well pat'ked in bundle . ot a d<i/en 
or more each. Heavy hidi's may he shipptal without foldine, at all or ma\ lie Uilded 
once to facilitate handling. 

In Imndling drieil sheep skins and goat skins, it is cnsjnmai \ to pack n.iphlhaleitr 
or other insecticides between tiu* skins to j)rotect tliem agaimd mf>th> anil «»iher 
insects. 


Pickled and Green, Salted Skins 

Hides ami .skins cnre<l and hnmlled like lug paeker hides may he sliippeit in 
bundles like the.se hides, hnt wlum skins have not he<ui fully {Iraiiied in euiini: they 
are often packed in barrels or casks after hnndling. 1'he gmieial niethofl oi bundling 
is tile same bn* light skins as for big paeker hide,, exi'epi nu the net that ni,ni\ 
small skins may he packed into a single bundle. Wheie pirlded fon have heett 
well drained before hnndling, they eau he -.hipped in bundle . uljeo’ the ' liippnr.: 
distances are not great, httl packing the hnmih's in casks ptolei t , thrm mpunsl 
damages and drying where thry may lu' a long time in transit. 
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Chapter 3 

Domestic Production and Imports of 
Hides and Skins 

In the coininercial i)r()ducti<)n of leather, it is very important to know the 
iaH'o.!:»iii/,e(l S(mrces of hides and skins and the quantities available, as well as the 
conditions in wliit'h various types of raw stock arc received and price variations, 
'i'lic methods of |)urchasing raw stock and selections for specific types of leather 


Table L Movement into Sight of Cattle Hides (in thousands of hides). 


Month, IW 

Inspccteci 

.slunghter 

Uninspected 

.slaughter 

Imports 

minus 

exports 

Total 
movement 
into sight 

January 

762 

605 

285 

1,652 

Iwbruary 

653 

650 

263 

1,566 

March 

774 

625 

346 

1,745 

April 

677 

560 

195 

1,432 

May 

814 

609 

181 

1,604 

June 

77H 

572 

162 

1,512 

July 

782 

585 

124 

1,491 

August 

823 

560 

184 

1,567 

Septemlier 

880 

540 

198 

1,618 

( )cU)bcr 

863 

605 

151 

1,649 

November 

837 

590 

275 

1,702 

December 

773 

537 

355 

1,665 

Totals 

9,446 

7,038 

2,719 

19,203 

It 2* Movement 

iiiU) Sight nf 

Kip and Cali 

Skins (in 

thousands of skins), 

Month, tm 

Itwpctifd 

flliniishtcr 

tlninspected 

slaughter 

Imports 

minus 

exports 

Total 

movement 

Into sight 

Juntiary 

415 

570 

437 

1,422 

lAdiruary 

385 

560 

390 

1,335 

March 

478 

550 

359 

1,387 

April 

457 

410 

394 

1,261 

May 

509 

541 

267 

1,317 

June 

449 

S9S 

321 

1,365 

July 

417 

566 

323 

1,306 

August 

414 

520 

252 

1,186 

September 

427 

480 

243 

1,150 

October 

482 

430 

194 

1,106 

November 

450 

462 

328 

1,240 

Dmunber 

381 

468 

209 

1,058 

Totals 

5,264 

6,152 

3,717 

15,133 


alon^'* with pric<* variations over a period of twenty years will be dealt with sep- 
arately in (liapter 6. It lias been deemed snlTicient for the purposes of this hook 
to limit tliis chaider to an account of all the hides and skins made available to 
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Table 3. Movement into Sight of Sheep and Lamb Skins (in thoiis<uicls of skins). 


Month, 1939 

Inspected 

slaughter 

Uninspected 

slaughter 

Imports 

mirui.s 

exports 

January 

1,456 


3,546 

P'cbruary 

1,361 


1,814 

March 

1,473 


1,897 

April 

1,224 


2,077 

May 

1,392 


2,304 

June 

1,401 


1,939 

July 

1,399 


2,0()6 

August 

1,457 


2,286 

September 

1,635 


2,307 

October 

1,585 


1,851 

November 

1,469 


3,377 

December 

1,389 


2,036 

Totals 

17,241 

4,447 

27,500 


'lotul 
jnuvcmcnt 
inlo siijlit 


49,188 

(Mr. Holt supplied the total figiirc for nninstu'eted .slaughter for the year). 


Table 4. Movement into Sight of Goat and Kid Skins fin thojisainK of skins). 


Month, 1 9.0 

Is 

niinus 

January 

3,576 

b'ebniary 

3,347 

Mareli 

3,878 

Aiiril 

3,906 

May 

3,746 

J ime 

3,038 

July 

3.036 

August 

2,98.5 

Scfiitmilier 

2.315 

Octt4x'r 

3,041 

Novemiier 

3.08! 

Dccemlier 

3.974 

Total 

39,017 


(Mr, Ihdt estimates the domestie prodnelion of goat skins in the Sotjfhwesi at 
about 25d,()(K) skins per year, which is insigniheatii compared to the more tlj.ui J9 
inillicm skins imported). 


American tanners in one full year, '{'lie year was selected heeam.e it is tit*' 
latest yts’ir for wliich cmnphdi* data is availahle at tin* time fd writing this !»ook. 

I\lr. Is, G. Holt, Chief fd the Leather and Hnhher IHvision of the Ihirtsin of 
Foreign and Doinestie (annmeree of the United States Depaitntent id Gomiiierce 
very kindly snp|di(*d the advanee ofiicial data for the eahaidar year mi all 

imports of liides and skins, witit cotiutries id origin, lunnhers of pirees imported, 
their kinds and eonditions as to wludher wet or dry, and their prices. Hi' also 
[irovidcd data oji esports and also on the dmncstic jdanglitf'r of cattle, ralvc-,, sheep, 
hogs, goat.s and Irorscs. 

Mr, 1. Kh Glass, of tlu* 'lanners* (mnncil of Amcric,a. kindly fnniislird data on 
the nioT'cimm/ inta sUjhi of hides and skins for the calcrniar year FM9 hy monilw, 
dy into sif/hi is meant total doniostio />rodio'//»oi plm. itn ports iiiimn. 

exports. Ill other words, it means the aetnal quantity of stock made availalde to 
American fanners during the y<*ar. 

A division is made aeeording to whether ilonieslic !4anghtm* was done under 
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Federal inspection or uninspected. Mr. Glass’ fig:ures for cattle hides, calf and 
kip skins, sheep and lamb skins, and goat and kid skins are given in Tables 1 to 4, 
inclusive. 


Table 5. Imports for Consumption of Cattle IJidcs for Calendar Year 1939. 

dollars pieces 


Country 

Argentina 

Australia 

Belgium 

Bolivia 

Brazil 

British East Africa 

British India 

British South Africa 

Bulgaria 

Burma 

Canada 

China 

Colombia 

Cuba 

Czechoslovakia 

Dominican Republic 

Ethiopia 

innland 

France 

Germany 

Guatemala 

Honduras 

Italy 

Jamaica 

Madagascar 

Mt'xico 

Netherlands 

N(‘wfouiHlland & Lab, 

New Zealand 

Nicaragua 

Nigeria 

Nm'way 

Palestine 

Peru 

Idiilippine Islands 
Ikdand & Danzig 
Sweden 
Switzerland 
Cnion a! So. Africa 
United Kingdom 
Uruguay 
Vencziuda 

I'otals 


, Dry hides- 

picccs lbs. 

198,041 3,697,088 

11,225 252,515 

200 5*372 

25,785 514,471 

2,000 27,854 

93,488 1,346,719 

5,050 103,412 

1,5()() 20,273 

28,649 485,270 

19,796 353,658 

2,098 46,562 


2,713 47*^6 

350 4,815 

LOGO 20,746 

L20() 30*600 

1,576 27,706 


l',500 18,926 

*20i 5,778 


*557 12,235 

2,080 26,558 

*100 2,290 

5,612 138,796 


12,750 239,176 

1,033 14,003 

780 10,156 

1,915 43,429 

421,199 7,496,268 


431,342 

1,695,428 

23,439 

42,329 


9,998 

*444 


68,832 

2,910 

132,470 

343,115 

12,134 

3,000 


200 

L587 

400 

58,812 

60,348 

499,099 

6,006 

225 

.... 

5,694 


200 

4,342 

100 

397 

5*826 

2*374 

7,906 


300 

3,060 


3,141 

10,717 

1,778 

200 



1,720 


5,529 


79,395 

1,328 


2,689 

8*750 

*184 

1,000 

17,242 

3 

5,566 


1,988 


7,713 


5,218 

26,791 

3,642 

1,493 

1,865 

I,1SS 

17,000 

3,569 

— 

868,125 

2,825,357 


— Wet hides — 
Ib.s. 

dollar.s 

73.501,023 

7,060,407 

1,475,699 

122,759 

335,980 

15,485 

18,962*085 

l,298,9i7 

95,005 

8.458 

8,923 

2,674 

12,202 

665 

23,026,717 

1,773,860 

10,637 

*868 

232,699 

23,984 

8,173 

2,672 

3,691 

302 

211*573 

19*164 

366,920 

50,521 

18,198 

4,424 

465, ost; 

14L2S5 

8,200 

757 

2,324,33 i 

191*667 

52,365 

5,100 

208,320 

14,619 

2,939,539 

259,078 

311*413 

26*, 930 

26,858 

1,661 

179 

21 

172,195 

11,196 

90,250 

8,768 

311,343 

29,852 

402,301 

84,935 

169,675 

14,290 

76,959 

7,170 

782,441 

73,947 

126,610,953 

11,256,406 


During 1939, 66,003,000 hogs were slaughtered in the United States. Because 
of the American practice of leaving the .skin on the meat, only a very small per- 
centage of the skins l)ecame available to tanners. A large number of skin strips 
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from over the lard areas of the was produced l)y tlu‘ lareyr paclaas, hut m> 
reliable figures appear to l)e available as to the exact iiuiulua’. Su<'h whole skins 
as were produced were chiefly of country lake-ofl and ol rather low tpialily. I he 
best hog skins were imported, but no reliable figures are available as to i{nantity 
because of the practice of listing importations of hog skins under the vague classi™ 
fication of “other hides and skins/' 

Horse meat is not generally rclivshed in the Unitetl States and so most of the 
domestic horse hides come from animals that liave died in stu'vicaa anti probably 
only about one-third of the hides are recovered and use<l lor fanning. Aetir'd tlata 


Table 6. Imports for Consumption of ('attic Kips t<tr ( alt'udar ^ car bki’k 


Country 

incce.s 

— -Dry kii>s — 
lbs. 

(lolhu.H 


kijm 

lbs. 

Oollais 

Argentina 

152,622 

1,610,220 

184,842 

38,313 

Ofd.OSO 

85,45*1 

Australia 

2,123 

25,472 

2,270 

.6583 

38,172 

3.2fi0 

Belgium 



3.01)0 

3o,45o 

(>,984 

Brazil 

* 30 

304 

145 

(».505 

120,772 

5,462 

Briti.sli iCist Africa 

10.080 

87.724 

8,858 




British India 

53.400 

514.921 

(»5,3(>0 




Burma 

3,000 

24,509 

3.002 




Canada 

186 

1,524 

123 

1 12.085 

2,0(K),382 

225.'i25 

China 

721) 

8,402 

l,-!05 

.... 



Colombia 

37 

224 

25 

550 

lim 

l’,4ui 

Cuba 




2,105 

37.()56 

2..5K7 

Czechoslovakia 




5,000 

0.1310 

11.200 

Denmark 




5,100 

t*3,f)51 

ll.O.U 

Dominican Repuldic 




1,220 

24,312 

2,1H2 

F ranee 



.... 

77,912 

1.154,977 

225.425 

Mexico 




1.3M 

20,985 

2.164 

Netherland India 

1.287 

12,1*21 

4.371 




Netherlands 



.... 

2300 

All 27 

4,4.18 

New Zealand 




2,8.58 

00,070 

e»,H17 

Norway 

3,000 

20,823 

2.')H0 

• « • . 


1 1 . . 

N icaragua 

.... 


.... 

22 

*367 

32 

Pern 

200 

1*773 

2(iO 



• , 

Philippine Islands 




litKi 

21AI0 

2,159 

Sweden 


.... 


54.710 

777, 1 124 

I2.5.75n 

Switzerland 




16,755 

292,012 

54,822 

Union of Smith Africa 

7.000 

5(1,755 

7.22H 



United Kingdom 

.... 

«... 

.... 

s’iol) 

112722 

8,348 

Uruguay 

.... 

.... 


r»,fKKi 

122,524 

27,8(21 

Yngoslavia 

00 

fiOO 

’ ' h 7 

K.330 

104,4‘H) 

18,752 

Totals 

233,745 

2,3.59..mt 

281.061 

354,602 

5.7H4,45t» 

82i.Al8 


are unobtaina!iI<% Imi Mr, (‘stiinates tltat out of a total Inn'M* mortalilv of from 
1,600,000 to 2,400,000 animals ptu' year, only from 5d5MllO ttj HnOjlon are 
recovered. Many t>f these art* of tlotibtftd tpialilv, tht* best bides ladiig iniporlefl 
Of the 10,203,000 cattle hides niatk* availahle tti Amerieati tanner^ in lo/o, S5.K 
per cent were of dmnestlc production and only 14.2 pc*r rent weie imported; of the 
I5,l33,0()0 kij) and calf skins, /5.4 per cent were of domt^stic prodin't ion ami oiilv 
24.6 jMT cent were imported: of the 40,lcS8,()lJ0 shet*p aricl laiiili skins 4'kl per cent 
were of (loiiu*slie prodmiion and 55.0 per rent impfuled; but of tlie itifire Ilian 
39,000,000 go, at and kid skins, nuna* than 99 per cent were imp*n‘led. No rellalde 
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ri.i«‘iires t'oiild be o1>{ru’ne(l tor tlie domestic production of other kinds of hides and 
skins. 

Mr. Holt has provided complete data on imports for consumption of hides and 
skins for the calendar year 1939; these are f^iven in Tables 5 to 18, inclusive. 

I.lurini^- 1939, there were ex])orted 526,869 cattle hides, 25,451 kip skins, 170,666 
calf skins, 1,22‘),631 ,t,^oat and slieep skins, listed together, and 5,309,334 lbs. of raw 
stock listed under the t»'eneral heading- “other hides and skins.” 


Table 7. Imports for Consumption o 


< ‘ovnitry 

pieces 

“Dry skins- 
lbs. 

Argentina 

35,512 

175,410 

Australia 

25,352 

81,588 

Barbados 

1,763 

3,215 

Belgium 



Bolivia 

’*45 

87 

Brazil 

4,335 

13,103 

British Bast Africa 

135,500 

288,875 

British India 

31,550 

08,837 

t 'anada 

11,356 

52,855 

China 

3,980 

7,057 

( Thniibia 

320 

1,060 

1 tenmark 

1,269 

0,()14 

Dstonia 

22,650 

51,030 

Bthiopia 

18,600 

44,48(, 

Idnland 

88,800 

189,270 

b'rance 


«... 

( ierniany 

15, 0(10 

54,895 

1 lundnras 

30 

82 

Latvia 

51,340 

118,800 

Lithntinia 

43,557 

103,018 

Mexico 

Neliierlaiuis 

113,479 

364.467 

Newfoundland ^ Lal>. 
New Zealand 

40,484 

182,454 

Norway 

(i7,35l 

168,899 

Boland vK* Ikm/ig 

12().9i8 

25L172 

Saudi Arabia 

47, (>90 

112,568 

Sweden ^ 

Switzerland 

'fliniland 

Unioti of So, Africa 

36,130 

145,724 

I'nited Kingdom 

32 

90 

1 h'uguay 

27,000 

95,437 

Yugoslavia 

4,392 

21,962 

'fotals 

945.445 

2,635,464 


Calf Skins for Calendar Year 1939. 


dollars 

pieces 

-Wet skins — 
lbs. 

dollars 

20,728 

10,144 

117,626 

12,717 

9,897 

301,386 

1,504,980 

244,315 

404 

ism 

80,454 

15,182 

68 

2,263 

32,045 

2,400 

5,573 

599 

11,548 




8,542 

327,157 

2,436,412 

298’i32 

1,886 

211 

797 

1,000 

10,582 

1,549 

23,508 

48,250 

258,321 

50,729 

4,688 




74,922 

75’,()7{) 

480*546 

76*859 

367,538 

3,738,556 

775,306 

16,319 

3,480 

27,762 

6,204 

16 

• . . < 


50,860 

147,504 

7*93,467 

154,259 

40,547 

45,644 

248,560 

42,400 

1,137 

7,594 

709 

113,838 

21,()()0 

98,765 

14,013 


1,500 

,10,500 

840 

41,806 

559,724 

2,578,604 

522,889 

64,691 

82,951 

544,243 

91,186 

113,748 

170,402 

998,305 

175,697 

11,769 



58,246 

546,580 

71,303 


16,716 

179,424 

41,460 


1,100 

12,466 

655 

17,683 

1,992 

10,724 

1,404 

34 

97,048 

892,127 

165,272 

18,733 

5,560 

21,279 

216,989 

48*026 

687,1 1 1 

2,369,668 

15.799,160 

2,811,705 


'fanners d(‘siring nion* di^tailed infonnatiou than is given in the tables should 
{‘onsult lh<‘ trade (commissioners on the various countries and hroken's who specialize 
in raw str»ck from foreign cotintries. 'flie tables are valuable in indicating the 
countri(\H of origin, kinds and amounts of stock, average weights and dollar values. 
W(‘t stoc'k ustially refers to the green, salted state and pickled stock to tlie pickled 
and drained stale. Dry stock has a weight roughly one half of that of its ecinivaleitt 
in th<‘ green, salted .state. 
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Table 8. Imports for Consumption of Goat and Kid Skins for Calendar Year 1939, 


Country 

Aden 

Algeria 

Argentina 

Barbados 

Belgium 

Bolivia 

Brazil 

British East Africa 
British India 
^British West Indies 
Bulgaria 
Canada 
Chile 
China 
Colombia 
Czechoslovakia 
Dominican Republic 
Ecuador 
Egypt 
Ethiopia 
France 

’^French Africa 
French West Indies 
Gennany 

Haiti, Republic of 
Honduras 
Iran (Persia) 

Iraq 

Irish Free State 
Italian Africa 
Italy 
Jamaicji 
Mexico 
Morocco 

Nethcrland India 
Netherlands 
Nethorland W. Indie: 
Nigeria 
Norway 
Palestine 
Pern 

Poland k Danzig 
Portugal 

* Portuguese Africa 
Rumania 
Saudi Arabia 
Spajhi 

Switzerland 

Syria 

Tunisia 

Turkey 

Unionof So. Africa 

Ven<!znela 

Yugoslavia 


— Dry skins — 

pieces lbs. 

115,350 129,528 

614,578 1,113,781 

2,505,238 4,540,665 

12,694 10,739 

35,114 51,169 

1,978 3,172 

4,929,245 5,869,222 

1,487,105 1,604,801 

0,888,461 22,823,030 

14,427 18,768 

62,700 63,047 

8,050 14,137 

49,900 117,952 

1,951,189 3,680,175 

272,850 508,051 

28,020 73,892 

243,615 284,650 

7,748 14,093 

158,050 232,160 

629,891 724,147 

98,014 110,024 

48,823 58.208 

1,089 1,1,54 

64,623 68,567 

373,395 401,051 

24 40 

300,6,32 868,3,35 

162,597 411.816 

5,702 48,040 

351,668 .3.55,676 

9,3,69,3 119,9,38 

1.39,892 20.5,1.50 

1..3.32,77.5 2,421.105 

482,097 1,018,7.37 

1.811,287 1,477.708 

21,198 64,6,52 

42,995 S2..389 

.3,4.59.,56() .3,.519,221 

7.600 15,260 

68,965 179,789 

69.3. . 5.39 1,197.319 

5.769 S.9,3(l 

270,976 419..551 

1.101 4,518 

96.7.38 118,687 

1,122,206 1,. 372 544 

60.295 66,42.3 

46,268 46,678 

245,171 672,2.34 

72,702 148.774 

467.. 365 1,480,080 

1.014,959 2,694,087 

701,2.52 1,. 319.028 

170. . 159 31.3,444 


dollars picce.H 

32,330 

224,792 

1,010,588 

2,971 

21,655 78,975 

720 
1,854,326 

486.451 

4,121,716 1,013,940 
4,873 
28,853 
4,770 
21,101 
893,581 
88,658 

24,038 6,400 

62,676 
2,747 
45,324 
194,935 

52,941 6,063 

12,101 

229 

35,945 20,583 

82,153 
8 

119,840 

58.452 
1,689 

80.453 

38,817 9,966 

63.823 
634,395 
1 60.86*) 

665.332 

27,784 

16.646 

1,649.793 

8,737 

27,314 120 • 

335.978 

3m) 

156,768 

657 

37,741 

264,759 

31,683 

25.042 

118,820 

29.451 
242.040 
505.722 
276.220 

76.752 


ret skills- 

lbs, dollars 

S.iS69 4i,2;?2 

4,27.} 3,399 

.ia.7 .ti79 

ioii 4,i7.'} 

'^>2 "54 


.37,S.Sl,ra.^ 63,124,0.36 M,969,149 1.1.^9,017 

Iiiflicafri, cotiiitric.. iillirr ili;m Iliouc niimfd. 


2,89{)„k7.1 423,699 
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Tal>lc 9* Imports for Consumption of Sheep and Lamb Skins for Calendar Year 1939. 


(Country 

r 

IHCces 

— Dry slats— 
lbs. 

dollars 

, Dry a 

pieces 

nd green and 
lb.s. 

vooled— — ^ 
dollars 

Aden 

56,660 

132,656 

25,986 


# • • • 

• • • • 

Argentina 

68,920 

115,261 

23,277 

238,428 

772,512 

116,090 

Australia 

84,205 

107,104 

8,796 

544,420 

2,750,949 

330,594 

Barbados 

13,521 

16,311 

2,809 

Belgium 

5,342 

5,522 

2,738 


.... 


Brazil 

635,393 

984,865 

256,018 

930,126 

1,103,640 

338*277 

British East Africa 

293,837 

510,475 

143,890 

Britisli India 

34,196 

54,697 

13,317 



• • • • 

Ih'itisli West Indies 

10,694 

14,385 

2,377 




Bulgaria 

300 

562 

187 




Canada 

42,666 

98,212 

10,726 

5.34i 

18*344 

1,691 

Cliile 

2,944 

5,919 

891 

512,704 

1,714,137 

196,734 

i olomlua 

3,000 

5,936 

841 

luniador 

• » * • 

1*963 

3,962 

*658 

ICgypt 

19fi827 

822^854 

112,725 


I«!thioi)ia 

Imlkland Islands 

25,200 

47,065 

7,148 




*694 

2*149 

*352 

Finland 

. . 

* • * « 

* • • • 

200 

947 

153 

F ranee 

78,678 

98,836 

8,845 

• * « • 


■ ■ . » 

I*Vaicli West Indies 

651 

981 

134 

* # « * 


• . . . 

Haiti, K epu hi ic of 

31 

59 

40 

* • • » 

• . . • 

. • . . 

Iran (Persia) 

6,745 

30,800 

3,091 



.... 

Irafi 

1,413 

1,464 

674 

1,000 

2,666 

431 

Italy ^ 

8,310 

15,025 

2,032 

. « . . 


Janiai<'a 

1,250 

3,185 

928 




Morocco 

560 

1,132 

228 




Netherlaml India 

49,960 

48,529 

17,9()() 


.... 


Nethcriand West Indies 

1,388 

2,045 

267 




Nigeria 

(.50,983 

1,131,361 

354,626 

.... 



Nh'wfoundland ^ Lab. 

2,900 

5,8(X) 

725 


. • » • 


New Zeal a ml 

43,830 

55,750 

14,350 

725*719 

2,317,520 

346’668 

Norway 

44 

108 

45 

I ’em 

104,870 

105,028 

13,007 

.... 



Saudi Arabia 

2<)8.784 

702,184 

113,101 

2,295 

3*188 

'si? 

Union of S. Africa 

355,967 

1,059,715 

232,217 

1,006,585 

2,584,930 

594,985 

United King<lom 

16,404 

29,989 

6,641 


1 Trugiiay 

• * 

85*, 024 

239^214 

36,474 

Yenezuela 

100 

*200 

‘*20 



.... 

Yugoslavia 




”33 

**6(S 

30 

Totals 

* rrniiUiifs rtlTtfr 

3.096,573 

tliun tlifw* 

6,214,015 

1,380,597 

4,054,472 

11,503,558 

1,963,000 
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Table 10. Imports for Consumption of Sheep and Lamb Skins Ot t alcmiar \’rar PkCi. 


Country 

, -Pirkled sK 

ins, licslicrs 

11 )S. 

rmd skivci’H 

dollai H 

Arg'entina 

4,825,633 

11,371 .1)58 

1,687,530 

Australia 

1,485,371 

3,088.382 

420.846 

Belgium 

840 

1.560 

658 

British India 

864 

2.288 

288 

Canada 

644,144 

1,558,411 

2P).002 

Czechoslovakia 

400 

2nl 

207 

Egypt 

hrancc 

16.375 

37,405 

8.0.4) 

66,152 

107,f>70 

4' 4 171 

(iermaii}' 

200 

400 

no 

Greece 

1,200 

I.06I 

720 

Iceland 

5.628 

21,144 

2,414 

Iran ( I’crsia ) 

t).138 

15,607 

2.066 

Iratj 

1,422 

3,k>l6 

515 

Italy 

13,737 

15.611 

6,o.y* 

M or< >cc< ) 

8,304 

11,776 

3,248 

New Zealand 

12.750.327 

27.t)5l. 1 10 

3,75.4863 

Palestine 

d3t» 

1.61)8 

2o; 

Spain 

240 

.180 

178 

Sweden 

7,872 

17,510 

6.156 

Turkey 

12<M04 

281.436 

83.tdO 

Union of .South Africa 27,585 

41,113 

2,587 

United Kingdom 

1,211,221 

l.i»60.358 

236,081 

Uruguay 

374,672 

724,801 

81.03 \ 

Totals 

21 ,578.( Ki 5 

46,058, loo 

6.561,766 


'I’alde 11. ImjHjrts 

for t onsumpfion of 

hi Halo Hah 

lol 

1 aleuda)' V5 ar 

1036, 



f >i V .tnd wf 1 



1 H \ tiiil tt'ri 




Buffuln ludrn 




Onintry 

pjft EH 

ilm 

dtCl.o . 

jnr s p% 



delgium 

45 

l,.4/.() 

183 




lrjti.sh India 

57,050 

t>77m') 

77,630 

r/.Aii,4 

2k;,}7i 

4 7,, 56 5 

Iritisli Malaya 



t * ^ ( 


538,021 

lOo 6nn 

, 'll ilia 

2,743 


11,687 

l.loo 

5,t 260 

f\6,t-: 

Ippt 

3,250 

l-i,.V)4 

4.081 




Metherland India 

11,726 


26,126 

4',O.S7 

75.880 

1 1.08, >■: 

Gdherlancls 




10. Jim 

176 Ml 

31 ,60 1 

“d'lilippine Islattds 

iM) 

12)1.717 

6>4i 

7S 

1 .85 1 


Nveden 

i.500 

17.4.';8 

2.701 




''hailand 

:w 

l.4,.?2(. 

8H^.| 



, . , , 

hiited Kingdom 

2,000 

.10,177 

7,245 


05 24.0 

Bf.titlf.) 

'otals 

80.4<4» 


137,360 

71, (Jr, 


22 -Mi o 
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'Fahlc 12. liiiiKdi.s for Coiisuniptioii of Horse, Colt and Ass Hides for 

Calender Year 1939. 

r — — l>ry liidfs — ^ r~ -Wctliides- ^ 


( '(luntry 

11)S. 

dolliirs 

lbs. 

dollars 

Algeria 



49,114 

2,546 

Argentina 

1,661,702 

155,823 

5,259,036 

215,401 

Australia 



424,462 

12,954 

lielgiiini 



1,997,796 

133,421 

iirazil 


. . 

55,666 

3,560 

(ianada 

114,634 

7,146 

3,964,861 

204,832 

Denmark 



107,500 

7,511 

France 

119,52i 

9,055 

6,052,799 

429,021 

Irish h'ree .State 



21,004 

1,521 

Netherlands 



1,727,489 

168,230 

Newfcnnullaiul and 

[.ahrador .... 


1,680 

50 

New Zealand 



86,086 

2,660 

.Sweden 



245,797 

22,054 

Switzerland 



48,675 

3,240 

'Funisia 




17,030 

899 

i hi i ted Kingdom 



2,583,840 

175,647 

I'olals 

1,895.857 

172,024 

22,642,835 

1,383,547 


'ralile 13. Iinriorts for Con.suniption of Deer, Elk and Reptile Skins for 
Calendar Year 1939. 


.'ind Islk skin.s * ^ , •Reptile skin.s , 


('ountry 

pim-.s 

lbs. 

dollars 

pieces 

dollars 

Argentina 

1,691 

3,949 

1,312 

26,714 

4,352 

Australia 

31,270 

149,951 

32,320 

.... 


liolivia 

1,969 

5,518 

1,969 

21 

“is 

Frazil 

307,736 

1,049,298 

389,665 

71,271 

7,946 

firitisli Honduras 




3,459 

5,269 

Fritisii India 


.... 


38,000 

5,633 

British Maliiya 


« « • • 

.... 

602 

1,038 

Canada 

4*677 

45,556 

6,480 



China 

303.165 

471,212 

155,749 



Coloinltia 

6,111 

10,344 

2,688 

4,i56 

7,35 i 

(io.sta Rica 

1,612 

3,522 

476 

1,504 

2,840 

luaiador 

2.164 

5.077 

938 

1,611 

3,165 

h'rench Indo ( 'hina 

17,245 

1 102)80 

8,174 

3,125 

835 

hh'ench ( it'eania 

37,009 

154,560 

30,517 



Cerniany 

659 

2,919 

590 

.... 

.... 

t Jnatemala 

4,100 

9,800 

1,960 

35 

63 

i londuras 

14.612 

27,880 

4,676 

8,699 

15,897 

Hong K<»ng 


• * * « 


.... 

222 

jainaiea 

» • * N 

* • • 

« « « w 

70 

70 

Mesieo 



* * * 

65,631 

134,090 

Nh't he -riant I Itidia 

7,450 

26,148 

2,968 

96,932 

34,152 

Nt-w Zealand 

29,353 

98,460 

39,772 


.... 

Nicaragua 

69,855 

140,300 

24,209 

im 

18,671 

Norway 

10 

529 

70 


.... 

Panama 

214 

429 

43 

U62 

928 

Pent 

23,630 

67,943 

29,320 

.... 


Philippine Islands 

» « * » 



14,514 

.3,858 

*P<?rtugue*-e A frica 

.... 



1,907 

9,125 

.SalvadfH’ 

696 

1*393 

’366 

1,185 

1,651 

.Sweden 

10 

550 

65 



Hiailand 

34.088 

89,034 

12,563 


.... 

Cnitrd Kingdom 

10,252 

50,750 

9,250 



\ h'ltgtiay 

1,122 

5,291 

927 



Vhnte/tiela 

9,054 

21,076 

2,152 

5,566 

17;243 

'Fofals 

919,754 

2,552,169 

759,153 

352,332 

274,414 
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Table 14. Imports for Consumption of Kangaroo and W'allafjy Skins f(»r 
Calendar Year 1939. 


Country pit'ces 

Australia 939,434 

Table 15. Imports for Consumption of 

Country 

Brazil 

British Honduras 
* British West Intlies 
Cuba 
Coloinlua 
( dosta Riea 
Honduras 
Jamaica 
Mexico 
Nicaragua 
Portugal 
Venezuela 

'I’tjtals 


11)8. dollars 

1 , 050,052 588,012 

•Shark Skins for Cah-ml.'ir N'rar I'kin, 


ll>8. 

(lolhn.H 

227 

90 

3,554 

444 

90,{)82 

9,919 

122,317 

14,021 

220 

50 

610 

68 

2,331 

350 

43.586 

5.054 

207. P>5 

22,292 

1,149 

"*^228 

1,799 

7i\7 

36,962 

6,()8S 

5UMMI2 

59,971 


• Indicates countries other than those mmuul. 


Table 16. Iiniairts for Consuniplion of Otlier Msh Skins fot Calendar Year 1939, 


Country 

Ho. 


t 'anada 

917,727 

16,510 

Mexico 

2,000 

230 

Newfoundland tmd l.alirador 

27,725 

605 

Portugal 

176: 

92 

Motals 

947,628 

17,417 


'lahle 17. Imports for Consumption of Seed Skins (not fur) (.‘alnidar Year P'9l9, 


(,,!ouiUry 

Ho, 

♦h'HI'.it's 

Argentina 

574.229 

34,247 

Puitish Stmth Africa 

7,4i76 

3HI 

( an.ada 

39,H5H 

5,HO0 

Xewfouudlanci anti labradtu- 

I9, H73 

l,8B) 

Norway 

317.H69 

29,53ri 

Peru 

1 9, HOC) 

l,42S 

1'titals 

979,305 

73;29,! 
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Table 18. Imports for Consumption of Other Hides and Skins for Calendar Year 1939. 


Country 

pieces 

dollars 

Argentina 

110,095 

136,554 

Australia 

3,181 

1,983 

Belgian Congo 

20,700 

3,895 

Bolivia 

14,371 

13,134 

Brazil 

992,074 

910,063 

British East Africa 

2,288 

3,575 

Canada 

30,722 

16,632 

China 

1,000 

594 

Colombia 

17,627 

20,681 

Denmark 

500 

725 

Ecuador 

6,525 

4,972 

France 

6,983 

8,377 

Frencli Africa 

200 

197 

llonduras 

1,018 

554 

Mexico 

12,243 

4,930 

Nicaragua 

3,868 

1,772 

Paraguay 

3,000 

4,348 

Peru 

104,838 

111,868 

Tunisia 

5 

11 

Union of South Africa 

3,075 

18,133 

United Kingdom 

963 

1,456 

Uruguay 

14,888 

20,019 

Venezuela 

100 

66 

Yugoslavia 

19,096 

41,327 

Totals 

1,369,360 

1,325,866 


Ijulicatcs countries other tlian those named. 



Chapter 4 

Government Regulations on Imported 
Hides and Skins 


In order to import hides and skins into the United States, twn t k ivei nment 
requirenieiits must be met. I'he first is that duties must he paid in aeenidam e with 
the Tariff Act o£ 1930 (Ihihlic Law No. 361) and the vhnn^vs in import dutiw; 
made since the passage of the d'arill Act ol 1930. 1 hi* second is that all importa 
tions shall be subject to tlie regulations of the Ihireau ol Animal Indu try icued 
for the purpose of prev'enting tlie Introduction from tmeign cnmittie, into tlie 
United States of comniunicalile diseases of livestoi'k. 

The eigiit jiaragraphs of the Tariff Act ot 1930 pertainini’ to hides and sl.ins are 
given below along with the duty charged, where dntiafde. .since the e paragraph 
include tanned hides and skins as wa‘ll as raw stock, they are lie|d toe.efher here 
for convenience. 

Dutiable List 

Par. 1519. (a) Dressed furs and dres.seil fur .skins (eKce|>t silver or hlatl>» toxl. 

and plates, mats, linings, slrijis, and crossrs ot dressed dog, goat, or kid ' kins, |h r 
centum ad valorem; all llie foregoing, if dyed, 30 r>er eentnm ad valorem. 

(b) Manufacture.s of fur (exeept silver or hlac!, tox), imthrr advaiu cd th.ui drcNS 
ing, prepared for use as material (whether or not joined or siwvrd iogrllai i in» hiding 
plates, mats, linings, strips, and crosses (exeejd plates, mats, Imtngs, strips, and f'lossr*'. 
of dog‘, goat, and kid skins), if not dyed, %'^5 per centum ad valorem; ii dved. dil |»er 
centum ad valorem. 

(c) Silver or black fox furs or skiits, dressed or undi'esscd, led sficiiaily ju'ovidrd 
for, 5() per centtim ad valorem. 

(d) Article.^ of wearing api>arei of every deserijdion, wholly or partly inainnactmed, 
ecmiposcil wholly or in eliief valne of hidtrs or skins ot cattle »d tin tiovme spen«'s, ,*1111 
not siieeially provided for, 15 per eentnm ad valorem; comtioved wholly oi m ihuu wdne 
"f dog, goat, or kid .skins, and not sjieeially providrsl tor, 35 per l entnm att vaharm 

(e) Articles, wliolly or partly niannfartured (inehidinK Inr collar-., im tutD, and 
fur trimmings}, wholly or in eliiet value of fur. not speeialiv laovided na. :di pr? lejiimn 
ad valorem. 

Par, 1520. Hatters^ furs, or furs not ou tlie skin, prrparrti lor hattr'i s* m.r, ira liiditn; 
fur .skins carroted, 35 jier cenlnin ad valorem. 

Par. 1530, (a) fiides and skills of catth* of the fmviiie qn i ir‘» le\tfpf hides and 
.skins of tlie India w^ater Imfhdo imporled to fr tisrd in tlie maimfaiinir «d‘ lawlnd'- 
artieles), raw or unenred, or dried, sailed, or idi kleff, It) |ier centum ad v.ihai m, 

(h) fwatfier (except leatlier provided for in ?aii»jiaragrapli (d) of tliis I'laiagrapli), 
made from Iiides or skins of i-attle of the iMnunr stHudem 

fl) Sole or fjelting leather Unclufliiig' ottaD, rorndi, |iarf!\ fmidied, finislird, 
curried, or cut or wholly or fiarlly manulaetured into outer or inner Idujl. u 

strips, counters, ta|,)S, Itox toes, or any fonm or shapes suifalde lor iran'civion mto 
f>of»ts. ,slim*s,, footwear, or iH-lting, lii per eentnm ad valorem; 

(2) leatlier welting, I2i per eeiilnm ad valorem; 

fJl leather to fie used in the maimfaetnre of harness or s;id»ilen\ 121 iM'r »'rittuiii 
ad valt»rem; 

(4i side urtper leafjter fiminding grain;, and splitu. painu lealhfi, and Irallirr 
made fiMin ealf or kip skins, rough, |'»artly tiihsle'd, or fini'died,, ‘U* rui nr vvltofly 
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(jr partly nKumfacturcd into uppers, vamps, or any forms or shapes suitable for 
riiiivcrsion inlo boots, shoes, or footwear, 15 per centum ad valorem; 

(S) upholstery, collar, bag, case, glove, garment, or strap leather, in the roug'h, 
ill the white, I'rust, or russet, partly linished, or linished, 20 per centum ad valorem; 

(h) leather to he used iu the manufacture of footballs, basket balls, soccer balls, 
or medicine balls, 20 per centum acl valorem; 

(7;^ all other, roug'h, partly finished, finished, or curried, not specially provided 
for, 15 per centum ad valorem. 

(cj Leather (except leather provided for in subparagraph (d) of this paragraph), 
made from hides or skins of animals (including lish, reptiles, and birds, but not including 
cattle <)f the liuvine species), in the rough, in tlie white, crust, or russet, partly finished, 
or linished, 25 per centum ad val<n*em; vegetable-tanned rough leather made from goat 
or sheep skins (including those commercially known as India-tanned goat or sheep 
skins), It) iier centum ad valorem; any of the foregoing if imported to be used in the 
manufacture of liocjts, shoes, or footwear, or cut or wholly or partly manufactured into 
uppers, vamps, or any forms or shapes suitable for conversion into boots, shoes, or foot- 
wear, It) per centum ad valorem. 

td) Leather of all kinds, grained, printed, embossed, ornamented, or decorated, in 
any maimer or to any extent (including leather linished in gold, silver, aluminum, or like 
eh eels), or by any other jirocess (in addition to tanning) made into fancy leather, and 
any of the foregoing cut or wholly or jiartly manufactured into uppers, vamps, or any 
forms or shapt's suitulhe for conversion into hoots, shoes, or footwear, all the foregoing 
by wimlever nanu' known, and to whatever use aipplicd, 30 per centum ad valorem. 

(e) Loots, shoes, or other footwear (including athletic or sporting boots and shoes), 
made wholly or in chief value of leather, nig specially provided for, 20 per centum acl 
valorem; boots, shoes, or other footwear (including athletic or sporting boots and shoes), 
the uppers td' whiidi are composed wholly or in chief value of wool, cotton, ramie, animal 
hair, liber, rayon or other synthetic textile, silk, or sul).stitute.s for any of the foregoing, 
whether or not the soles are composed (;£ leather, wood, or other materials, 35 per centum 
ud valorem. 

(f) Harness valued at more than $70 per set, single harness valued at more than 
$40, .saddles valued at more than $40 each, saddlery, and parts (except metal parts) for 
any of the foregoing, 35 per centum ad valorem; saddle.s made wholly or in part of pig- 
skin or imitation ijigskin, 35 per eentum ad valorem; saddles and harness, not specially 
provided for, parts thereof, except metal parts, and leather shoc^ laces, fini.shed or unfin- 
i.‘4icd, 15 per centum ad valorem. 

(g) The .Secretary (d* tin* 'rreasttry shall iirescrihe metliods and regulations for 
carrying out the jirovisious of this paragraph. 

Free List 

Par. P>78. [''ishskins, raw or saltcxl 

Par. 1681, Imrs and fur .skins, not specially provided for, uudressecl 
Par. 1683. (Jokllieaters' molds and gohllKsaters^ skins. 

I*ar. 1661. Hides and skims of the India water buffalo imported to be used in 
the manufacture of rawhide articles. 

Par, 1765. Skins of all kinds, raw, and hides not specially provided for. 

Changes in Import Duties and Trade Agreements 

'The so called Ilexilde tariff rate adjustment provision of the Tariff Act of 11)30 
is eoutaiiKxl in Section 336, given lielow. 

SLi*. 336. h:gUAI.IZATlC)N 01 ’ COSTS OK PRODUCTION. 

fa) t’liANoc or ( ‘i.ASSfFieATioN OK Dutiks.— I n order t<j put inlo force and effect 
the poli<‘y of (‘ougress by this Act intended, the commi.ssion p) upon rciiucst of the 
Pn^ideui, or ( 2 ) upon rt'sohition of cither or lioth Houses of Congress, or (3) ujion its 
oum motion, or (4) when in tlie judgment of the coinmis.sion tliere is good and sutficient 
reason tiierefor. upon application of any intcre.sted party, shall invc.stigalc pc differences 
in tiu* cost.s of prtKluctirm of any dome.stic article and of any like or siniilar foreign 
article. In the course of tlu* investigation the eommission sliall liold hCctrings and give 
rt!asona!de pufilic notice thereof, and shall afford reasonable opportunity for parties 
interesled to lie present, to prcxhtce evidence, and to he heard at such hearings. The com- 
misshni is authorized to adopt sucli reasonable procedure and rules and regulations as it 
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deems necessary to execute its functions under this section. The commission shall report 
to the President the results of the investigation and its findings with respect to such 
differences in costs of production. If the commission finds it shown by the investigation 
that the duties expressly fixed by statute do not equalize the differences in the costs of 
production of the domestic article and the like or similar foreign article when jiroduccd 
in the principal competing country, the commission shall specify in its report sucli 
increases or decreases in rates of duty expressly fixed by statute (including any necessary 
change in classification) as it finds shown by the investigation to be necessary to cciuahze 
such differences. In no case shall the total increase or decrease of such rates of duty 
exceed 50 per centum of the rates expressly fixed by statute. 

(b) Change to American Selling Price. — If the commission finds upon any such 
investigation that such differences can not be c(iuali 2 cd by proceeding as hereinbefore 
provided, it shall so state in its report to the President and shall specify therein such ad 
valorem rates of duty based upon the American selling price (as defined in section dOd 
(^) ) of the domestic article, as it finds shown by the investigation to be necessary to 
equalize such differences. In no case shall the total decrease of such rates of duty exceed 
50 per centum of the rates expressly fixed by statute, and no such rate shall be increased. 

(c) Proclamation by the President. — The President shall by proclamation approve 
the rates of duty and changes in classification and in basis of value specified in any 
report of the commission under this section, if in his judgment sucli rates of duty and 
changes are shown by such investigation of the comniis.sion to be necessary to equalize 
such differences in costs of production. 

(d) Effective Date of Rates and Changes.- -Commencing thirty days after the 
date of any presidential proclamation of approval the increased or decreased rates of duty 
and changes in classification or in basis of value specifietl in tlie report of tlie commission 
shall take effect. 

(e) Ascertainment of Differences in Costs of Pkoduc:tk)n.— In ascertaining 
under this section the differences in costs of production, the commission shall take into 
consideration, in so far as it finds it practicable: 

(1) In the Case of a Domestic Article. — (A) The cost of prtxluction as 
hereinafter in this section defined; (B) transportation costs and otlier costs inci- 
dent to delivery to the principal market or markets of the United States for tlie 
article; and (C) other relevant factors that constitute an advantage or disadvantage 
in competition. 

(2) In the Case of a I^'orkign Article. — (A) The cost of production as herein- 
after in this section defined, or, if the commission finds that such cost is not readily 
ascertainable, the commission may aocc])! as evidence thereof, or as supplemental 
thereto, the weighted average of the invoice prices or values for a rei>resc*nlative, 
period and/or the average wholesale selling price for a representative period 
(which price shall be that at which the article is freely oirered fi>r sale to all 
purchasers in the principal market or markets of the principal competing country 
or countries in the ordinary course of trade and in the usual wholcfah* (iuautiti(‘s 
in such market or niarkets) ; (B) transportation costs and otlu-r rn%ts inrident to 
delivery to the principal market or markets of the United States for the artich*; 
(C) other relevant factor.s that constitute an advantage or disatlvantage in com- 
petition, including advantages granted t<» the foreign pnKlucin's hy a g<wernm€nt, 
person, partnership, corporation, or as.soeiation in a fondgn country. 

(f) Modification OF Changes in Duty.— -Any increased or decreased rale of duty 
or change in classification or in basis of value which has taken effect as alnwe provided 
may be modified or terminated in the same manner and sulqect to tlie same eonditions 
and limitations (including time of taking effect) as is providtsl in this setlion in the 
case of original increases, decreases, or changes. 

(g) Prohibition Against Transfers from the h'REF. List to the Dhtiable Ijst 
OR FROM THE DUTIABLE LiST TO THE 1 'rke: Li ST.-- -Nothing in this section shall tie con- 
strued to authorize a transfer of an article from the dutiable list to tin* free list or from 
the free list to the dutiable list, nor a change in form of duty. Whenever it is pnivided 
in any paragraph of Title I of this Act, or in any amendatory Act, that tlie <luty or duties 
shall not exceed a specified a<l valorem rate tqion the articles prtndded for in such para- 
graph, no rate determined under the provisions of thi.s section upon sucli articles shall 
exceed the maximum ad valorem rate .so specified. 

(h) Definitions, — For the purpose of this section— 

(1) The term ‘kinmestic article'' means an article wholly ar in part the growth 
or product of the United States; and the term '‘foreign arfirde” means an artich* 
wholly or in part the growth or prmluct of a fiu'eign country. 
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(2) The term “United States” includes the several States and Territories and tlie 
District of Columbia. 

(3) The term “foreign country” mcar*s any empire, country, dominion, colony, 
or protectorate, or any subdivision or subdivisions thereof (other than the United 
States and its possessions). 

(4) The term “cost of production”, when applied with respect to either a domestic 
article or a foreign article, includes, for a period which is representative of con- 
ditions in production of the article: (A) The price or cost of materials, labor 
costs, and other direct charges incurred in the production of the article and in the 
processes or methods employed in its production; (B) the usual general expenses, 
including charges for depreciation or depletion which are representative of the 
equipment and property employed in the production of the article and charges for 
rent or interest which are representative of the cost of obtaining capital or instru- 
ments of production; and (C) the cost of containers and coverings of wliatever 
nature, and Oither costs, charges, and expenses incident to placing the article in con- 
dition packed ready for delivery. 

(i) Rulks and Regulations of President. — The President is autliorized to make 
all needful rules and regulations for carrying out his functions under the provisions of 
this section. 

(j) Rules and Regulations of Secretary of Treasury. — The Secretary of the 
Treasury is authorized to make such rules and regulations as he may deem necessary 
for the entry and declaration of foreign articles of the class or kind of articles witli 
respect to which a change in basis of value has been made under the provisions of sul,)- 
division (b) of this section, and for the form of invoice required at lime of entry. 

(k) Investigations Prior to Enactment of Act.— All uncompleted investigations 
instituted prior to the approval of this Act under the provisions of section 315 of tlie 
Tariff Act of 1922, including investigations in which the President has not proclaimed 
changes in classification or in liasis of value or increases or decreases in rates of duty, 
shall be dismissed without prejudice; but the information and evidence secured l)y the 
commission in any such investigation^ may he given due consideration in any investigation 
instituted under the provisions of this section. 

Further changes in tariff rates since the Tariff Act of 1930 were made |)ossil)le 
by the Trade Agreements Act of June 12, 1934 and trade agreements have already 
liecn conclndcTl with llu‘ countries named below. 


q’rcasury 

C'ouDtry El'h'rtivfMhitr; Dedsions 

I’.dgiuiii May 1, 1935 47600 

lirazil Ian. 1, 1936 48034 

Canada .Ian. 1, 1936 48033 

Canada Ian. 1, 1939 49752 

Colomlda May 20, 1936 48258 

Costa Rica Aur. 2, 1937 49072 

Culia Sept. 3, 1934 47232 

Czcdioslovakia Apr. 16, 1938 4945K 

El Salvador May 31, 1937 48947 

Ecuador Oct. 23, 1938 49710 

Finland Nov. 2, 1936 48554 

Erance, and il.s colonics, dependencies, and protcc- 

torate.s other than Morocco June 15, 1936 48316 

Guatemala June 15, 19.36 48317 

Haiti Tune .3, 1935 47667 

Hondura.s Mar. 2, 1936 48131 

Nethcrland.s, including Nethcrland India, Nether- 
land Guiana, and Ncthcrland West Indi<in Islands. . Feb. 1,19.36 48075 

Nicaragua’ Oct. 1, 1936 48511 

Sweden Aug. 5, 1935 47785 

Switzerland h'ch. 15. 19.36 4809.3 

United Kingdom Jan. I, 19.39 49753 


1 Duty concessions terminated on March 10, 1938. 

The United Statc.s Tariff Commi.s.sion has puhlished a list of the changes in 
import duties since the passage of the Tariff Act of 19.30 and items on which rates 
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of duty or duty-free status are bound in trade agreements. Clianges made in the 
paragraphs o£ the Tariff Act of 1930 given above are listed below, preceded by 
some of the explanatory notes of the Tariff Commission. Ihey are complete to 
May 6, 1940; for possible changes made after that date, the reader is reciuested 
to write directly to the United States Tariff Commission. Ihe paragraplis referred 
to are the same as those given above. Where no reference is made to a section 
of a paragraph, as for example, Paragraph 1530 (a), it means tliat no change has 
been made in this section. 

For the purpose of showing the history of tariffs .since 1930, certain interim change.s 
in duty have been included, even though such changes have been stipersecled. Such super - 
seded items are indicated by an asterisk (*). 

The effective dates of changes and whether they were made by amciidatury legislation, 
under section 336, or by a trade agreement proclamation, are indicated in the last column. 
The appearance of the name of a country after the date indicates tliat the duty was 
changed or bound against increase pursuant to a trade agreement with tliat country. 
Where more than one effective date and basis of change appears in conjunction with a 
particular modified rate, such rate has been continuously in clfect from the first date 
shown. 

The foreign trade agreements were proclaimed under the Trade Agreemnits Act 
of June 12, 1934, as extended by Ihiblic Resohilion 10, aiiproved March 1, 1937, Tliis 
act provides that rates of duty proclaimed lliercimder shall ajiply to producLs of all rtnin- 
tries unless the President su.spends their application to products of a country wlijcli 
discriminates against the commerce of the United States or pursues acts or policies which 
in his opinion tend to defeat the purposes of the Trade Agreements Act. 

Section 336 herein referred to is the so-called ilexilde tariff rate adjustinent pro- 
vision of the Tariff Act of 1930. Wliere a duty has been changed under this .s(‘ctioii 
and again changed pursuant to a trade agreement, botli clianges are shown, inasnuicli 
as the rates established under section 336 still apply to products of Germany. 

By virtue of the President’.s action pursuant to the Trade Agreenumts Act, duties that 
have been changed under tlie trade agreements Iiave not been applicable to prcKiucts of 
Germany entered on ami after October 15, 1935. GockIs produced in the territory 
formerly known as Austria have lieen considen‘d as of (Jennan .origin fieginnlng May 6, 
1938. Goods produced in the Sudeten areas occupied by Germany haw lu-cn considereil 
as German if exported to the United States on or after Novemlier 10, 1938. 

In'om August 1, 1936, to h'ehrunry 1, 1038, the product.s of Australia were not entitled 
to trade agreement rates. 

On February 8, 1938, the Pre.si<Ient liy proclamation directed tliat the duty con- 
cessions made to Nicaragua .should terminate on Marcli 10, 1938, Because of other 
agreements, tlii.s action ha.s not re.sulted in actual change.s in United States <!uties. 

In general, rates on Cuban products are 20 percent le.ss than the hnvt st ratrs aceouhnl 
products of other foreign countries, excejit where a still lowm* rate applicable ti> t‘ul>an 
products is indicated herein. Some product.s of Cuba arc free of duly, althouKh lik^* 
products are dutiable from other foreign count rie.s. Tlu^ rates of <luty sliown in the 
pamphlet in conjunction with the parenthetical phrase “from Cuba'' apply eHcIuM'vrlv 
to Cuban products, and not to tlie products of any other coniitry. 

Sanitary Control 

Because of the necessity for strict ccmipliance with tlie law in the importation 
of hides and skins, the regulations of the Bureau of Animal Industry are Nivvn 
below in full. 
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(B. A. I. Order 371)’ Issued May 6. 1940 

Effective on February 1, 1940 

United States Department of Agriculture 

Bureau of Animal Industry 


Under authority vested in the Secretary of Agriculture by law the following regula- 
tions are issued for tlie purpose of preventing the introduction from foreign countries into 
the United States of conmiunicable diseases of livestock. These regulations supersede 
all previous regulations governing the sanitary control of animal byproducts, hay and 
straw offered for importation and shall become effective on February 1, 1940, 

Done at Washington this 27th day of October 1939. 

Witness my hand and tlie seal of the Department of Agriculture. 

Harry L. Brown, 

A cling Secretary of Agriculture, 

Part 95 — Sanitary Control of Animal Byproducts (Except Casings), and 

Hay and Straw, Oiffered For Entry Into the United States 

[Secs. 95.1 to 95.27, induaivc, issued under the authority contained in Sec. 2, 32 Slat. 792; 

21 U. S. C. Ill] 

Recjulation 1 

Sec. 95.1. Defimtions. — ^Whenever in these regulations the following words, names, or 
terms arc used they shall be construed, respectively, to mean: 

(a) /9r/>ar/ we///.— United States Department of Agriculture. 

lb) Bureau.- •'i'he Bureau of Animal Industry, United States Department of 

Agriculture, 

(r) Chief of Bureau.' Chief of the Bureau of Animal Industry. 

(//) Inspector.' «“An inspector of the Bureau of Animal Industry. 

(e) Consular officer.— A consular officer of the United States of America. 

if) Approved establishment.— An e.stablishment approved by the Bureau for the 
receipt and handling of restricted import animal byproducts. 

(//) Approved tmrehotm.- A warehouse having facilities approved by the Bureau 
for tlie handling and storage, apart from other merchandise, of restricted import 
products. 

(/i) Approved ehlarinating equipment.'— An etiuipment approved by the Bureau as 
efficient for the disinfection of effluents again.st the contagions of foot-and-mouth disease 
and rhidcri/est, 

(j) Approved setoerage system.— A drainage system equipped and operated so as to 
carry and dispose of sewage without endangering livestock through the contamination 
of streams or fields and approved hy tlie^ Bureau. 

(/) Animal 5.v/)?7;//nr/.r. ‘■Hides, skins, hair, wool, glue slock, bones, hoofs, horns, 
lione meal, hoof nieal, horn meal, Idood meal, meat meal, tankage, glands, organs, or 
(jlher parts or i/rcKlncts of ruminants and swine unsuitable for liuman consumption. 

(k) Glue -Meshings, hide cuttings and parings, tendons, or other collagenous 

parts of animal carcasses. 

g Bone meal.—Groimd or crushed animal bones. 

) Blood meal. — Dried blood of animals. 

(n) M'eat meal or tankage.— The rendered and dried carcasses or parts of tlie car- 
casses of animals. 

(//) flay atid slram.— Dried gras.ses, clovers, legumes, and similar materials or stalks 
or stems of various grains, such as barley, oats, rice, rye, and wheat. 

Stipcrficdcf* B. A. T. Order 341 and all amendments thereto. The numherin}.!: of the parts and sec- 
tions or B. A, I. orders confoiuJH to the nmnhering in title 9, chapter 1, of '’I'lic (VKle of Pc'deral 
Re,^«lations. 
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Regulation 2 

Sec. 95.2 Coumy of origiiL—No products or materials spccilied in these rcguhititms 
shall be imported unless there be shown upon tlie consular invoice, or in some other man- 
ner satisfactory to the Chief of Bureau, the name of the country of origin of such priHluet 
or material, provided that the country of origin sliall be construed to nK*an {a) iii the 
case of an animal byproduct, the country in which such product was taken from an animal 
or animals, and (,b) in the case of other materials, the country in whicli such materials 
were produced. 

Regulation 3 

Sec. 95.3. Byproducts from diseased animals prohibited.- -Hit imiJortation of any 
animal byproduct taken or removed from an animal ailected with anihras., fout-ami- 
mouth disease, or rinderpest is prohibited. 


Regulation 4 


Sec. 95.4. Importations from Canada . — No requircuieut or condition of the follow- 
ing regulations shall be construed to apply to products or materials specihed in this order, 
originating in Canada and imported directly therefrom. Such pruilucts mul materials 
nor originating in but imported intoi the dominion of Canada from aiu>lhiT foreign 
country may be imported therefrom into the United States without ct»mpliancc with tlie 
following regulations, when accompanied by a certilicale signed tiy a veterinarian in the 
employ of and receiving a .salary from the Canadian Government .stating that they iiave 
been imported into Canada in full compliance with the Canadian regulations, provicled 
such regulations are found hy the Bureau to he the sulKslantial equivalent of those eon 
tained in this order. 

Regulation 5 


Sec. 95.5. Untanned hides and skins; requirements for unresirhied entry, liitamied 
hides and/or skins of cattle, buffalo, sheep, gloats, other ruminant.s, and .swine which do 
not meet the conditions or reepurements si>ecilied in any one of paragraphs (u) to (e) 
following shall not be imported except suliject to handling and treatment in accordance 
with section 95.6 of this order after arrival at the port of entry ; 

(a) Hides or skins originating in and sliippcd directly from a Country not ckclar<‘d 
by the Secretary of Agriculture to be infected with foot-and-mouth disease or rinderpest 
may be imported without further restriction. 

(b) Hides or skins may be imported without other restriction if found upon inspec- 
tion by an inspector, or by certificate of the shipper or importer satisfactory to said 
inspector, to^be hard-dried hides or skins. 


(c) Abattoir hides or skins taken from animals shmgjdcvrd under national govern- 
ment inspection in a country “ and in an abattoir in which is maintaincti an im-pcctiou 
service dcterminal by the Sccrctarv of Agriculture to Ik* ack<iuatc a.SHUn* that they 
have been removed from animals found at time of .slaugiitcr to be free frenn anthrax, 
foot-and-mouth disease, and rinderpest, and to assure further the identity of such 
matenals until loaded upon the transporting vessel, may he import eti without lUlier 
restriction if accompanied by a certificate bearing the seal of the pro|H*r dcp;irtmcut of 
such national government and signed by an official veterinary iiispeettu of .Huch country 
showing that the therein de.scribed hide.H or skims were taken from animali slauehtcued in 
such specified abattoir and found free from anthrax, foot-and-moutli disease, and rinder- 
pest 

^ (d) Hides or skins may be imported without other re.strietion if .hIiowu upon inspec- 

tion by an inspector, or by certificate of the slnpper or imiuu'UT satisfactory to said 
inspector, to have been pickled in a solution of .salt eontainiiu' miiu’ial acid and packed 
in barrels, casks, or tight case.s while still wet with such solulion. 

^ (e) Hides or skins may be imported without <ither restrictirm if shown upon inspec- 

ton by an inspector, or by certificate of the shipfier or importer satinfactory to said 
inspector, to have been treated with lime in such manner and for such periofi as to haw 

nf"n I^’^’afation fof inuiicdiatf manufacture 

into products ordinarily made from rawhide. 


Rkgulatiok 6 

Sec. 95.6. Untanned hides and skins; importatians permitted suhket to restrirtimu.-^- 
Bhdes or skins offered for importation which do not meet the conditiems or requirements 


canntricfl of tim cluaractcr will lie furnished mmn mmm. f FoUowIrKr 
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of section 95.5 of this order shall be handled and treated in\he foHowin^i- manner after 
arrival at the tx)rt of entry : 

(a) They shall be consigned from the coast or border port oT 8trri¥ai!t«iai;i appi^vedr 
establishment and shall be subject to disinfection by such methocr 

C.’hief of Bureau may prescribe unless the said establishment discharges inro 
an approved sewerage system or lias an approved chlorinating equipment adequate for the 
proper disinfection of eflluents ; Provided, hozoever, That upon permission of the Chief 
cf Bureau such hides or skins may be stored for a temporary period in approved ware- 
bouses under bond, and under the suiiervision of an inspector: And pnrrided fni'ihcr^ 
That I. d'. or in~bond shipments of hides or skins may go forward under customs seals 
from a coa.st or border port of arrival, with the approval of an inspector at said port, 
to aiiotlier port in the United States for consumption entry subject to the other pro- 
visions ()! this section. 

(b) They shall be moved from the coast or border port of arrival or, in case of L T. 

or in-bond >.]!ii)m(.-nt-, B:;- interior port to the approved establiiihment in cars or 

trucks or in w>sr] c= .::'.|)a:-tnHT.:s with no other materials contained therein, sealed with 
seals of the 1 )ei-ar!:::c:):, w]:.:c!: -iiall not lie broken except by inspectors or other persons 
authorized liy the Uhief of Bureau so to do, or without sealing as aforesaid and with 
oth(.‘r freight when packed in tight cases or casks accejitablc to the inspector in charge 
at the port of entry. 

(c) 'fhey shall be handled at the approved cstalilishment under the direction of an 
inspt'clor in a manner approved hy the Chief of liureau to guard against the dissemina- 
tion of foot-and-mouth disease and rinderpest. They shall not be removed therefrom 
except up<in special permission of the Chief of Bureau and upon conqiliance with all 
the conditions and ri'jpiirt'inents of this section relative to the movement of the .said hides 
and skins from the purl of arrival to the said establishment. 

RiCmiLATION 7 

Skc, 95.7. Wool, hair, and bristles; reqnircmcnls for wiresiricted entry. -Wool, hair, 

or bristles derived from ruminants and/or swine which do not meet the conditions or 
requirement H siiccified in any oiu* of paragraphs (a) to (e) following shall ;K)t be 
imported exceid snhjcvt to handling and treatment in acconlaiiee with section 95.8 of this 
or<k‘r after their arrival at the port of entry: Praznded, lumrever, That no bloodstained 
vcf>ol, liair, or bristles shall he imi>orted under any condition: 

(a) Such wool, hair, or bristles may he imported without other restriction if 
originating in and sliipped diredly from a country not declared by the Secretary of 
Agriculture to lx* infected with f(K)t-and-mouth disease or rinderpest. 

(/;) Wool or hair dipped from live animals or pulled wool or hair may be imported 
without other restriction if the said wool or hair is reasonably free from animal manure 
in the form of dung lod<s or otherwise. 

(r) Wool, hair, or bristles taken fn»m sheep, goals, cattle, or swine, when such 
animals have been .slaughteri'd under nati'nial gdvcrnmvnt inspection in a country^* 
and in an abattoir in which is maintained an inspection service determined by the Secre- 
tary of Agricnllnre to he adeipiale to assure that such materials have been removed from 
animals found at time of slaugliter to be free from anthrax, foot-and-mouth disease, 
and rinderp(‘st, and to assure further the identity of such materials until loaded upon 
the transporting ves.sel, may lx* imported without other rc.striction if accompanied by a 
certificate liearing the seal* of the proper department of said national government and 
signed hy an ollidal veterinary inspector of such country showing that the therein 
described wool, hair, or bristles were taken from animals slanghtcred in such specified 
aliattoir and found free from anthrax, foot-and-month disease, and rinderpest. 

(d) Wool, hair, or hri.stles which have been scoured, thoroughly washed, or dyed 
may be imported without other restriction. 

(e) W(K)h hair, or Iiristles from a disinfecting station of a national government, 
methods^ of disinfoeikm at which have been approved by the Secretary of Agriculture, 
may lie imported without other restriction if acconqianicd by a certificate of the director 
or other a<'cr(*flit(‘d official of such station showing that said wool, hair, or bristles cov- 
ered by the connsniar invoice .specified in said certificate have been subjected to the 
scouring and disinfecting proce.ss required at such station for the disinfection of wool 
or hair. 


8 fsff* f< KltlHltf* 2. 
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Regulation 8 

Sec. 95.8. Wool, hair, ami bristles; importations permitted subject to restrictions.--- 
Wool hair, or bristles offered for importation which do not meet the condni(ms or 
requirements of section 957 of this order shall be handled and treated in the following 
manner after arrival at the port of entry : 

(a) Such wool, hair, or bristles shall be consigned from ^tlie coast or bonier port 
of arrival to an approved establishnicnt : Prozuded, }io7vez*cr, J hat upon peruussion by 
the Chief of Bureau such wool, hair, or bristles may be_ slored^ for a temporary period 
in approved warehouses under bond and under the suiiervisiun of an inspector: /hid pro- 
vided further, That 1. T. or in-bond shipments of wi.)ol, hair, or liristle.s may go forward 
under customs seals from a coast or border port td arrival, with the approval of an 
inspector at said port, to another port for consumption entry, subjini to the (.>ther pro- 
visions of this section. 

(b) Such wool, hair, or bristles shall he moved froin the coast or boialer port ol 
arrival or, in the case of I. T, or in-liond shipments, from tlie interior port to the 
establishment in cars or trucks or in vessel compartments with no other materials eon- 
tained therein, scaled with seals of the l)epartment, which shall not lu* hrokiai (\Ke<‘j)t 
by inspectors or other persons antliori/.ed hy the (“Iiief oj Ihirean so to do, or withfnil 
sealing as aforesaid and with other freight when parked in light eases act'et»tuhle to an 
inspector. 

(r) Such wool, hair, or firistles shall he handled at the eslahlishmenl under the 
direction of an inspector in a manner apiiroveil hy lh<’ t hief ‘U Bureau to guani against 
the (lisscminati(.)n of foot-and'-mouth disea.se and rinderpest. Siudi prodnets shall nt>t 
be removed therefrom o.xcept upon sjiecial permission of the t hief of Bmrean and ujuuj 
compliance with all llie conditions and re(|niremenls of this si'ctioii relative to the move- 
ment of tlie said wool, hair, or bristles from the port of arrival to tiu* said estahlishment. 

RhCUI.ATION 9 

Sec. 95.9. Glue slock; requirmnents for unrest rteted <odry.-~-(hne .stcKk which docs 
not meet the conditions nr reiiuirements speciliefl in any one of paragra|)h.»i (a) to (c) 
following shall not be imported except .subject tci hamliing ami treatment in accordance 
with section 95.10 of this order after arrival at the port of entry: 

(a) Glue stock originating in and slnVped directly fr«>m a eountiy imf (knlared by 
the Secretary of Agriculture to Ik* infecteil with foot -and month disease or rinderpest 
may he imported without other restriction. 

(b) Glue stock may lie imported without other restrielioti if found uj)ou inspi’ciiou 
by an inspector, or l)y certllicate of the shipiier or importer satisfactory to said inspector, 
to have been properly treated liy actdulaiiou or by soaking iit milk of lime or a lime jiastc, 
or to have been dried so as to render each piece of tlu* hardnens of a sun t|rii*d liide, 

(c) Glue stock taken from cattle, sheep, goats, or swine slatighterei! undt f national 
government inspection in a country* and in an aliattoir in whtelt is maintained an in>pec‘ 
tion service determined by the Seeretar;^ of Agnenlture to be adetpiate to assure tliat sueb 
materials Inive been removed from annuals femnd at time of slaughter to he free from 
anthrax, foot-and-mouth disea.se, and rinderpest, anti to assure fnrtlier the identity of 
such inaterials until loadeil upon the transporting vessel, may he iiuportetl without otljer 
rc.striction if accompanied hy a, eertificate liearing the seal of the proper dep.u tmriit of 
said national government and signed by an oflieial veterinary inspector of such sanintry 
showing tliat the therein ileserilied glue stock was taken from animals slaughtered in 
such specified aliattoir and found free from anthrax, foot- and unonth disease, and rinder- 
pest. 

RHutJi.A'noN' 10 

Sec. 95.10. Glue stack; importatinns permitted subject to restrirlions. tilue stork 
offered for importation which does not meet the conditions or refjniremfnis of section 
95.9 of this order shall be handled and treated in the following manner after arrival 
at the port of entry: 

(aj) It shall be consigned from the coast or border jiort f>f arrival to an approved 
establLsbment and shall be subject to disinfection hv sneh method fir metlmU as the Oiief 
of Bureau may prescribe unless the said estahlishment discharges drainage Into an 
approved sewerage system or lias an approved ('Iilorinatiog I’uuiianfMit aderpiate for the 
proper disinfection of efllnents: Provided, however, That npnii penni .Grin by the Chief 

* See footnote 2, 
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of Bureau glue stock may be stored for a temporary period in approved warehouses under 
bond and under the supervision of an inspector : And provided further, That 1. T. or in- 
bond shipments of glue stock may go forward under customs seals from a coast or border 
port (.)f arrival with the approval of an inspector at said port to another port for con- 
sumption entry, subject, after arrival at the latter port, to the other provisions of this 
section. 

(b) It shall be moved from the coast or border port of arrival or, in case of I. T. 
(jr in-bond shipments, from the interior port to the establishment in cars or trucks or in 
vessel compartments with no other materials contained therein, sealed with seals of the 
Department, which shall not be broken except by inspectors or other persons authorized 
by the Chief of Bureau so to do, or without scaling as aforesaid and with other freight 
when packed in tight cases or casks acceptable to an inspector at port of entry. 

(c) It shall be handled at the establishment under the direction of an inspector in a 
manner apt)roved by llie Chief of Bureau to guard against the dissemination of foot- 
and-mouth disease and rinderpest. It shall not be removed therefrom except upon 
special t)_ermission of the Chief of Bureau and upon compliance with all the conditi(jns 
azul requirements of this section relative to the movement of the said glue stock from the 
]u»rl of arrival to the said establivShment. 

Regulation 11 

Sec 95.11. Hones, horns, and hoojs; requircnioils for unrestricted entry. — Bones, 
horns, and hoofs of ruminants and swine which do not meet the conditions or require- 
ments specified in paragrapli (a) or (/>) following shall not f)e imported except subject 
to handling and treatment in accordance with section 95.12 of this order after arrival at 
the port of entry: 

(a) Bones, horns, and hoofs originating in and shii)pe(l directly from a country 
nut declared by the Secretary of Agriculture to be infected witli foot-and-mouth disease 
or rinderpest may he imported without other restriction. 

(b) (dean, dry b(MU‘S, horn.s, and hoofs that are free from undried pieces of hide, 
flesh, and sinew may he imported without other restriction. 

Regui.ation 12 

Sec. 95.12. Hones, horns, and hoofs; iniportalions permitted subject to restrictions . — 
Bones, horns, and hoofs offered for importation which do not meet! the ccHiditions or 
rcijuirements of section 95.11 of this order .shall be handled and treated in the following 
manner after arrival at the port of entry: 

(a) 1'hey shall lie consigned from the coast or border port of arrival to an aiiproved 
establislunent having facilities for their disinfection or their conversion into products 
customarily made from bones, horns, or hoofs: Provided, however, that I. 'P. or in-bond 
shipments of bones, horns, or hoofs may go forward under customs seals from a coa.st 
or boialer port of arrival, with the approval of an inspector at said port, to another port 
for coiisuinption entry sul)jcct to the (yther provisions of this section. 

(()) They shall be moved from the coast or l)order port of arrival or, in case of 
1. or in-bond .shipments, from the interior port to the establishment in cars or trucks 
with no other materials contained therein, sealed with seals of the Department, which 
shall not he broken except l)y inspectors or other persons authorized by the Chief of 
Bureau so to do, or without sealing as aforesaid and with other freight wlien i>acked in 
tight cases or ca.sks acceptalyle to an inspector at the port of entry. 

(r) They .shall be handled at the establishment under the direction of an inspector 
in a manner to guard against the dissemination of foot-and-niouth disease and rinder- 
pe.st, and the hags, burlap, or other containers therof, before leaving the cstahHshmenl. 
shall be disinfected by lieat or otherwise, as directed by the Chief of lUireau or burned al 
the c.stablishment. 9'hey shall not be removed therefrom except n])on si)eci:d ijcniils.sinu 
of the Chief of lUireau and upon compliance with all the conditions ami rc(|iiirenn-!U^ 
of this section relative to the movement of the said hones, horns, and hoofs. 

Regui-ation 13 

Sec. 95.13. Hone meal, blood meal, tankatfc, and similar products for use as ferlilkier 
or animal feed; requirements for unrestricted cn/rv.-— Dried blood or blood nus'il, lungs 
or other organs for u.se as fertilizer or as feed for (bmiestic animals, which do not meet 
the conditioms or reciuirements specified in paragraph («) or (/>) following, shall not 1 h‘ 
imported. Tankatre. meat meak bone nH‘rd. hm-n tne.'P 
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manure, and similar products fur use as fertilizer <.r as feed for dome.stu: 'vl.neli 

do not meet the conditions or raiuiremenls specilitd in i)araj>rai>h {</) or (/») jollo\vm.{4', 
shall not he imported except subject to han<llin.i>' an<I treatment m actairdaiua* with section 
95.14 of this order after their arrival at the port ot entry. 

(a.) Products specified in thi.s section orij^inatin.!* in and .diiviped dircMily from a 
country not declared by tlic Secretary of Aj,;rienlture to l.>e inieete<l with toot and mouth 
disease or rinderpest may be imported without further restrict ion. 

(6) Products specified in this section may he imported without other restriction if 
accompanied by the certificate of a consular officer .showing; that in the prtfce.ss ot manii 
facture the particular product was heated throughout to a teimieratun* ot not less than 
156°F. (68.9“C.). 

Rkoulation 14 

Sec. 95.14. Tankage, bone meal, and similar In'odticis jar use as jrrtilirwr ar as feed 
for domestic anim-als; importations permit ied subject ta resinetians. I ankage, meat 
meal, bone meal, horn meal, hoof meal, wool waste, wool manure, and similar prtulucU: 
which do not meet the conditions or requireinent.s of section 95.15 oj this order shall be 
quarantined in an approved warehouse for at least 9(1 days or tlisinlt ct<*«! at the port of 
entry, together with the bags or other containers tliereol, and shall la* oiherwise bainlled 
as directed by the Chief of Bureau. 


Rkcuji.ation 1.5 

Sec. 95.15. Blood meal, blood albumin, intestines, ami atber animal /»v/o’»*dio7,v for 
industrial use; requircmenls for unresirieted entry, ‘dUood meal, blood albumin, iHine 
meal, intestines, or other animal niat<‘rials inleiideil for us<‘ in the indiintrial arts, wliich 
do not meet the conditions or lasjuiiaanents speeilied in paragrapli ( <i 1 or {/») following, 
.shall not be imported except .subject to handling and treatment in aceordanee witli sniitni 
95.16 of this order: 

(a) Products specified in this seidifni oripjnating in and shipped directly from a 
country not declared by the Secretary of Agriculture to be infected with foot and mouth 
disease or rinderpest may he imported wutliout further restriction. 

(h) Products specified in this .section may he imported without further restriction if 
accompanied by the certificate of a consular officer showing that in the process of matnn 
facture the particular product was heatid throughout to ;i teiniieratme of not less than 
156^R (68.9"C). 

RKOtU.ATtONf 16 

Sec. 95.16. JUood meal, blood albumin, intestines, and other (wimal fivproduets for 
imhistrial use; importations permitted subject to resti'ietions. Blood meal filood albumin, 
bone meal, inte.stincs, or other animal maleiiahs inttmtied for use in the industrial arts, 
which do not meet the conditions or requirement-, of si’ctiou 95,15 of this f*rder Jilial! 
be handled and treated in the following m.rnner af((*r arrival at the tiort »»f entry; 

(а) They shall be consigned from the coast or liorder port of arrival to an approved 
establishment: F^romded, hom*vci\ Hint tipon permission |»y th< tliief r.f lUneau they 
may be .stored for a temjiorary period in appinved warehouses under Inind and uiide? 
the supervision of an inspector: elnd provided further. That 1. T. or in bund shipment', 
of such iiroduct.s may go forward under eust<*ms seals from a coast or bolder port of 
arrival, with the approval of an inspector at said port, to another pott fm* ronsumiiiion 
entry, subject after arrival at the latter port to the otlier provishms oi this seditai. 

(б) ^ They shall he moved from the roast «»r fiorder port of arriv;il or. in the t ase 
of 1. 1 . or in-bond shijnnent.s, from the Interior port to the estahlishment in ear*, or 
trucks or in ves.sel compartments with no other materials rontained therein, sealed with 
seals of the Department, whicdi .shall not he broken eseept bv Bureau inspis fors or fiflier 
persons authoriml hy the Chief of Bureau so to do. or without sealing as aforesaid and 
with other freight when packed in tight cas<s or casks aeeeptahle to an inspinim- at tlie 
port of (^ntry. 

(c) They .shall he handled at the esIahlRdumatt under tlie direrfion of an inspeetor 
in a manner to guard ugam.st the disseminat:?Mi rd foot and inoufli disease and idndef’' 
pest Thev .sliall not be removed thendrom except upon special (*eriid . d* .u t»f the riiief 
of Bureau and upon compliance w'itb all the <‘onditiims and nviniremmit -. of thi^i seefirm 
relative to the movement of the said products from the p.-ri ..f .orival to the said 
establishment 
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Regulation 17 

Si£C. 95.17. Glands, orgatts, ox gall, and like materials; requirements for un- 
restricted (ilriiicls, organs, ox gall or bile, bone marrow, and various like materials 

derived injm t!oinc.-:ic ruminants or swine, intended for use in the manufacture of phar- 
maceutical i)roducts, which do not meet conditions or requirements specified in paragraph 
(a) or {{}) following, shall not be imported except subject to handling and treatment 
in accordance with section 95.18 of this order; 

{a) Such glands, organs, or materials may be imported without other restriction if 
originating in and shipped directly from a country not declared by the Secretary of 
Agriculture to be infected with foot-and-mouth disease or rinderpest. 

(/;) Such glands, organs, or nptcrials may be imported without other restriction 
if accompanied by the certificate of a consular officer showing that in process of prep- 
anition the particular product was subjected to a temperature of not less than 156°F. 
(68.9‘^C.). 

Regulation 18 

Sec. 95.18. Glands, organs, ox gall, and like muferials; importations permitted sub- 
ject to restrictions. — Glands, organs, ox gall or bile, bone marrow, and various like 
materials derived from domestic ruminants or swine, which do not meet the require- 
nicnls of section 95.17 of this order may be imported for pharmaceutical purposes 
if in tight containers and^ consigned to an approved establishment: Provided, hoivever, 
'Fhat upon special permission of the Chief of Bureau they may be stored for a temporary 
period in approved warehouses under bond and under the supervision of ani inspector. 
I'hcy shall be handled and processed at the said establishment in a manner approved 
l)y tlie Chief of lUircau and the containers shall be destroyed or disinfected as pi'escribed 
by him. TIu*y shall nf)t be removed therefrom except upon special permission of the 
Chief of Bureau and upon compliance with all the conditions and requirements of this 
section relativi‘ to the movement of the said glands, organs, ox gall, and like materials 
from the port of arrival to the said establishment. 

Regulation 19 

Sec. 95.19. Animal stomachs. -iSlomachs or portions of the stomachs of ruminants 

or swine, other than tliose imported for food purposes under the meat-inspection regula- 
tions of the Department, shall not be imported without permission from the Chief of 
Bureau, Importations permitted .shall he .<;ul)jcct to such restrictions as the Chief of 
Bureau may deem necessary in each instance. 

Reijui.ation 20 

Sk(*. 95.20. Aninml manure.- -Manure of horses, cattle, sheep, other ruminants, and 
swine shall not be imported except upon ])ermis.sion from the Chief of Bureau. Impor- 
tations permitted shall be subject to such restrictions as he may deem necessary in each 
instance: Promded, however, That manure produced by animals while in transit to the 
United State.s shall he subject only to the requirements of the Department regulations 
governing the importation of domestic livestock and other animals. 

Regulation 21 

Sec. 95.21. Hay and straw; requirements for unrestricted entry. — Hay or straw 
which does not meet the conditions or requirements of paragraph (a), (b), or (c) fol- 
lowing shall not he imported except subject to liandling and treatment in accordance 
with section 95.22 of thi.s order after arrival at the port of entry. 

(a) Hay or straw may be imported without other restriction if originating in and 
shipped directly from a country not declared by the Secretary of Agriculture to be 
infected with foot-and-mouth disease or rinderpc.st, 

(b) Hay or straw packing materiaks may be imported without other restriction if 
accompanied by a certificate of a consular officer showing that the said material liad 
been disinfected by placing it loosely in a tight compartment and .subjecting it to the 
action of live steam, in all parts of which compartment a temperature of not less than 
17d®F. (80®C.) wa.s maintained for at least 10 minutes, or bv pbicing it loosely in a tight 
compartment having a temperature of not less than 65® 1'. (lO^C.) and spraying over and 
into the hay or straw IQ fluid ounces of formaldehyde solution (containing not less than 
37 per cent formaldehyde by weight) for cadi 1,000 cubic feet of space in said compart- 
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nient, which was immediately closed in a nianncr to prevent the escape of tlie formalde- 
h 3 '’de vapor and kept closed for not less tlian 8 hours. ^ .... 

(c) Hay or straw packing materials may be imported without other restriction if a 
certificate of the shipper appears on the consular invoice showing that such packing 
material was obtained from a disinfecting station, the methods of disinfection at which 
have been approved by the United States Department of Agriculture, and giving the 
names of the said disinfecting station and the factory or estahlislinient where the mer- 
chandise covered by the invoice was packed: Fro't'idcdy however, 1 hat m the case of 
goods unaccompanied by a consular invoice a like certificate appearing on thc‘ comnuu'cial 
invoice will be acceptable. 

Rkoulation 22 

Sec. 95.22. Hay and slraw; importations permitted subject to reshictiints, llay or 
straw which does not meet the conditions or reciuirements of section 95.21 of this ordrr 
shall be handled and treated in the following nianmu* upon arrival at the port oi entry: 

(a) Hay or straw packing materials shall he l>urne<l or disinfected at the expens(‘ 
of the importer or consignee in the manner and at the time directed !>y the ( hiei of 
Durcau. 

(b) Hay or straw for use as feeding material, bedding, (ir similar purposes shall 
be stored and held in quarantine for a perifxl f)f not less than 90 days in an approved 
warehouse at the port of entry and .shall he otherwise handled as directed hy the ( hief 
of Bureau. 

TvKonr.ATiON 2 ^ 

Skc. 95.23. Pre'vioHsly used meat eo'veys^ eandttions pndiildlinf/ imporlatton, 'I he 
imiiortation (')f any cloth or burlap which has he^'u us<'d to covei' ircsfi nr frozen meats 
originating in any country declared by the Secretary cd’ Agrii'ulturt* to he infcct<‘d with 
foot-and-mouth disease or rinderiie.st is pmlijhilcd, 

Kkgmi.ation 24 

Si-x. 95.24. Methods for disinfeetion of hides, shins, and other materitds. Hides, 
skins, and other materials retiuired by these regulations to he disinfctlcd shall lie sub 
jeeted to disinfection by methods found satisfactory and approved fr«nn time to lime by 
the Chief of Bureau. 

K ECU I. .AT ION 25 

Se(*. 95.25. 7'ninsportatiofi of restricted import prodaots: phuardint/ cats and ma/h 
in// hUlintj ; miloadnuj en route. 'I'rans|K»rtatlon companies or other operators of i*ats. 
trucks, or other yehieles carrying ingiort ]>roducts or materials moving under ri'strit ti«»n, 
other than those in light cases or casks, shall aflix to and maintain on liotli sides of all sta h 
vehicles durable placards not U*ss than Sli by 9 inches in si/c, rm which shall be printed 
with permanent black ink atul in lioldface letters not less than H incties in height the 
words “Rest ricted import prodmiA Thest* jdaeards shall also lustr the w<»rds “Clean 
and disinfect this car or truck. “ Much <»f the way hills, eonduetors’ manifests, memoj.anda, 
and hills of lading pertaining ttj such shipments shall have the words “Restricted import 
product, clean and disinfect car or truck, “ plainly written or stamped upon its fare. !} 
for any reason tlie placards reipiirctl hy this regulation have not f»een aflixed to eaeh ear, 
or the hilling has md been marked hy the initial or ilu' eonneetiug carrier, the placards 
have l)cen removed, dcstr<»ycd,^ or rendered illegihlc, the plat ai ds shall lu* tmmrtliately 
affixed or replaced and the hilling marked hy the initial or connecting cart ier, the inten 
ti<m being that the Iiilling aceompanying the shipment shall he marketl and eacfi car. 
truck or other velnclc placarded as herein specified from the time such shirnnent leaves 
the port of entry until it is unloaded at final destination and the cars, trneks. nr ealiei 
vehicles are cleaiuxl and disinfected as required hy section 95.2/t of tliis order. 

If it is necessary to imhmd en route any r>f ‘tlie* materials or pr*Hlm f». tr.io- i>oi trd 
in a placarde<l car, tntek or other vehiete ns liereinhefore provided in fins m-. tinn. tie' 
car, truck, or jalna- vi'hiele from whieh the transfer is made and anv |»art of the premist's 
in or upon whieh the product or material may have been plaecfl in the course of tmloadimt 
or reloading shall he cleaned anrl disinfected by the carrier, in ai*corilam*e witli the 
provisimis of section 9.5.29 of this order, and the sairl carrier shall immediatelv report 
the matter, hy telegrat)h, to the C‘hief of the Bureau of Animal Industry, Washington, 
D. C. .Such rciKU'i shall include the following mformatirm: Natni'r of emergrnev ; place 
where product (>r miiterial was unloaded: original points fd shipment and destination ; 
number and initials of the original ear or truck; ami mmiher ami initials of the car, 
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truck, or otlier vehicle into which the product or material is reloaded in case the original 
car or truck is not used. 

Regulation 26 

Sec. 95.26. Cars, other vehicles, boats, yards, and premises; cleaning and disinfection. 
— ^Cars, other vehicles, boats, yards, and premises which have been used in the trans- 
portation, handling, or storing of restricted import products or materials, other than 
those contained in tight cases or casks, shall be cleaned and disinfected under the super- 
vision of the Bureau at the time and in the manner hereinafter provided. Except as 
provided in paragraph (a) following, such cars, other vehicles, and boats shall not be 
moved in interstate or foreign commerce until they have been so treated. 

(a) Cars to be cleaned and disinfected by final carrier at destination. — Cars required 
l,)y this order to be cleaned and disinfected shall be so treated by the final carrier at desti- 
nation as soon as possible after unloading and before the same arc moved from such 
final destinaiion for any purpose: Provided, however, That when the products or materials 
are destined to points at which an inspector or other duly authorized representative of 
the Bureau is not maintained or where proper facilities cannot be provided, the trans- 
portation company shall seal, bill, and forward the cars in which the products or 
materials were transported to a point to be agreed upon lictween the transportation com- 
pany and the Bureau, and the transportation company shall there clean and disinfect the 
said cars under the supervision of the Bureau. 

(b) Methods of cleaning and disinfection. — (1) Cars, trucks, and other vehicles 
reiiuired by this order to be cleaned and disinfected shall be treated in the following 
manner: Collect all litter and other refuse therefrom and destroy by burning or other 
iippnjved method, clean the e.Niterior and interior of tlie cars or trucks, and saturate the 
entire interior surface with a permitted disinfectant. 

(2) Boats required by tliis order to be cleaned and disinfected shall be treated in the 
following manner: Collect all litter and other refuse from the decks, compartments, and 
all other parts of the boat used for the transportation of the products or materials 
covered by this order, and from the portable chutes or other appliances or fixtures used 
in loading and unloading same, and destroy the litter and other refuse by burning or by 
other approved methods, and saturate the entire surface of the said decks, compartments, 
and other parts of the boat with a permitted disinfectant. 

(3) Buildings, sheds, and premises required by this order to be disinfected shall be 
treated in the following manner : Collect all litter and other refuse therefrom and destroy 
the same by burning or other approved methods, and saturate the ctitire surface of the 
fencing, chutes, floors, walls, and other parts with a permitted disinfectant. 

(c) Permitted dishifcctant.-~-ThQ. disinfectant permitted for use in disinfecting cars, 
other vehicles, boats, yards, and premises against infection of foot-and-mouth disease 
and rinderpest is a freshly prepared solution containing not less than 1 pound avoirdupois 
of sodium hydroxide of not less than 95 percent purity to each 6 gallons of water. Com- 
mercial gradc.s of sodium hydroxide (caustic soda) of less than 95 percent purity or com- 
mercial concentrated solutions of caustic soda may be employed, provided that in cither 
case a sufficient quantity be used to insure that the content of the solution in actual 
sodium hydroxide shall be not less than 1 xiound avoirdupois in each 6 gallons of 
solution.® 

Regulation 27 

Sec. 95.27. Regulations applicable to products from territorial possessions.— Thtst 
regulations shall be applicable to all the products and materials specified in this order 
which are offered for entry into the United Slates from any place under the jurisdiction 
of tlie United States to which the animal-quarantine laws of this country do not apply. 

APPENDIX 

LAW UNDER WHICH THE FOREGOING REGULATIONS ARE MADE 

Extract from an Act of Congress to enable the Secretary of Agriculture to more 
effectually suppress and prevent the spread of contagious and infectious diseases of 
livestock, and for other purposes. (Approved February 2, 1903). 

Sec. 2. That the Secretary of Agriculture shall have authority to make such regula- 
tions and take such measures as he may deem proper to prevent the introduction or 

'''Caittion. — Great care is n(Te<^snry in linndlinfi seditini lijalroxide, as it rapidly destroys orpfanic 
tissues. 
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dissemination of the contagion of any contagious, infectious, or coniniunicable disease 
of animals from a foreign country into the United States or from one State or 1 erritory 
of the United States or the District of Columbia to another, and to seize, (luarantine, 
and dispose of any hay, straw, forage, or similar material, or any meats, hides, or other 
animal products coming from an infected foreign country to the United States, or^from one 
State or Territory or the District of Columbia in transit to another State or territory 
or the District of Columbia whenever in his judgment such action is advisable in order 
to guard against the introduction or spread of such contagion. (32 Stat. 792; 21 
U. S. C. 111.) 


Restricted Countries 

Below is given a list of the countries in which the contagious and comnninicahle 
diseases of rinderpest or of foot-and-mouth disease have been found to exist as of 
May 6, 1940. All hides and skins from these countries must be handled in accord- 
ance with the regulations of the Bureau of Animal Industry. Unrcstrictc‘(l entry 
is permitted from all other countries. Because the list is subject to change accorcT 
ing to the possible finding of disease in other countries or to its eradication from 
any of the countries listed below, the reader is requested to ke(‘|) the list up to-date 
by making inquiries of the Bureau of Animal Industry as occasions may arise*. 


Africa (all countries on 
continent) 

Albania 

Arabia 

Argentina 

Belgium 

Bolivia 

Brazil 

Bulgaria 

Ceylon 

Chile 

China 

Chosen (Korea) 
Czechoslovakia 
Danzig (Free City) 
Denmark 
Ecuador 

Federated Malay States 


Finland 

France 

Germany 

Great Britain 

Greece 

Hungary 

India 

Indochina 

Iran (Persia) 

Iraq 

Islands of the Malay 
Archipelago 

Islands of the Mediter' 
rancan 
Italy 

Luxembourg 

Netherlands 


Palestine 
Paraguay 
I k‘ru 

Philippine Islands 

Poland 

i^ortugal 

Rumania 

Siam 

Spain 

Straits Settk‘ments 

Sweden 

Switzerland 

Syria 

Ihirkey 

Union of Soviet Socialist 
Republics (Russia) 
Uruguay 
Yugoslavia 


Methods of Disinfection of Restricted'-import Hides and Skins 

The Bureau of Animal Industry permits restricted hides and skins be dis- 
infected in the first soak water of the tannery operatioms Ijy one of the following 
methods : 


(a) Immersion for not less than 24 hours in a 1 to 10,000 s(duti<»n of stKlium 
bifluoride (not sodium fluoride.) 

(b) Immersion for not less than 24 hours in a 1 to 7,500 solution of sodium 
silicofluoride. 

“By either method a fre.sh solution is to he used for each vat of hides or skims 
and not more than one part of hide or skin to each 4 parts of the solution, by 
weight, is to lie placed in soak. The quantity of chemical siilKstance required fuV 
charging the vat is to be first completely dissolved in a smaller container with the 
aid of heat and stirring, and this solution is to be at once run, with stirring, into 
the additional necessary quantity of cold water already in the vat. Particu1ar"atten- 
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tion is necessary in tlie use of sodium silicofluoride, which is soluble only slowly 
and to small degree. 

“In lieu of disinfection l)y one of the processes listed above, the effluent from 
soak vats, mill drums, breaking machines or other equipment may be treated by one 
of the following methods : 

(a) Heating to boiling point. 

(b) Treatment with chlorine in such manner and in such amount as to secure 
effici ent di si n f ect ion. 

“For the chlorination of effluents, it is essential that a vat l:)e provided, preferably 
of concrete, in which all effluents resulting from the soaking and treatment of hides 
or skins u]) to the liming process are collected. To these combined effluents, 
chlorine is added in the proportion of not less than 250 parts per million. Some 
|)rovision must be made for agitating the contents in order to thoroughly mix the 
chlorine witli the effluent. The chlorinated effluent must be held for a period of not 
less than two hours before discharge from the plant. Plans for new installations 
should l)e submitted for advance approval by the Bureau.’’ 

The various sources of sodium bifluoride and sodium silicofluoride are to be 
found in the Chemical Fhigineering Catalog.* Fluor ex-T contains a mixture of 10 
percent sodium bifluoride and 40 percent sodium silicofluoride and 1 lb. to each 500 
gals, water is used for the disinfection of hides and skins. 

* The Buyers’ Guide to the Process Industries. Issued annually hy Reinhold Publishing Corp,, New 
York. 
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Chapter 5 
Hide Damages 

Hides and skins arc not only perishable coinniodities, but they are nit(‘n seriously 
damaged while still on the living animals. The branding of cattle for purposes 
of identification is widely practiced, <'uid cattle kept in barbed-wire enelosma^s frC ' 
qiiently become so badly scratched as greatly to lower the value of their hides for 
making fine leathers. They frequently heeonu' infested with ])arasitt‘S which cattse 
serious damages to their hides, and many forms of disease ])revalent among rattle 
also injure their hides. 

After the slaughter of an animal, its hide may be badly damaged by ]>oor flay> 
ing. Being readily pulr(‘seil)le, bides .suffer great damage wlu‘n the euring is 
delayed or is done carelessly and ineffectually. Aeeidt'nis and carelessness during 
shipment of hides and skins to the tannery add to the great variety and nnmluT 
of damages of the raw stock as rcceiv(‘d at tlu‘ tannery. 

A knowledge of the various tyj)es of dainagt* eoimnon in hidis and skins is 
important to the tanner both in making propta" stdeetions of raw slock and in ban 
(lling it to best advantage, dlie banners’ ('ouneil (d' America has sponsoretl many 
investigations of hide damage in the td' les.stuiiug the enormous tH'onomie 
losses in leather values by a campaign of education. We are iudelited Dr. lA’cfl 
O'Flaherty, Director of the ( oimcirs Dejiartnieiit of Leather Hi*seareh, and to 
Mr. Joseph Shine, Director of the Tanners’ Hide linreau, for nineh of tin* intorma 
tion and many of the j)hotographs presented in this chapter. Many of their papers 
on this su1)jcct appeared in the weekly maga/.ine “Hide ik lasather Shoes" and 
we arc indebted to Hide and Leather Publishing (M. for the use of the entH. 

Damaoks Och'uukino (ON Livixn Animals 

In the hope of reducing the damages occurring on living animals, tin* 'ratmers' 
C'ouucil is carrying its campaign of education to the eatth* raiM*rs, .Hhowing tliein 
how greatly to reduce damages from branding, .seratehing, vU\ and helping tlumi 
to eradicate parasites and diseases among cattl(% 

Mechanical Damages 

Scratches 

One of the commonest types of damage found on rattle hides and skins i^ 
scratches caused by iKirbeibwirc fences, nails, thorns and otlier sliarp <jhjeets in 
fields and corrals. Cattle and other live-.stock often feel tlu* urge to scrati'li them- 
selves, and barbed wires furnish them with relief from this urge. Often tlie bides 
or skins arc cut to a considerable depth, .subjecting* the animal to infection by 
disease germs and inviting flies to lay tludr eggs in the wounds, 'fhese types of 
infection not only cause the production of an inferior c|uality of meat, but may 
also cause the carcass to lie eondeimied a.s unfit for human eoiLsmnfition. Feonomk 
losses from seratehes arc estimated at many millions of dollars annually. JWen 
where no infection occurs, the value of tlu* hides for making leatlier is greatly 
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l(nverc(l. llic scratches not only ^'ivc the leather an unsightly appearance, but 
cause a considerable loss in strength where the scratches arc deep and subject the 
leather to dangerous failures. 

Immediately after the scratching, as will be recalled from Chapter 1, fibroblasts 
from the blood streams migrate to the region of damage and try to repair it by 
producing scar tissue, which does not behave like the normal collagen fibers in the 
various tannery operations. For some types of leathers, the scratched areas 
cannot be used at all. 

Because of the liair, a tanner cannot see the scratches when he buys a hide 
or skin, lie may pay for a healthy whole skin and then find it almost worthless 
after he has unhaired it. His only source of protection against scratch damages 
is to keep careful records of the sources of his raw stock and then avoid those 
where scratch damages seem excessive. Meanwhile the campaign goes on to 
educate cattle raisers, in their own interest as well as that of others, to replace 
barbed" wire fences by smooth-wire fences and to remove nails, thorn hedges, etc. 
from the fields and pens where animals arc confined. 



Courtesy Hide and Leather Publishinfj Co. 


Fig. 55. Unsightly Healed Scars on Upper Leather Caused by Curry-Comb Scratches. 

Although most of the scratch damages arc caused by barbed wires, a consider- 
able amount of damage is done by the use of curry comlis, particularly on calves, 
in the removal of dry filth crusts. Fig. 55 shows the grain surface of a piece of 
shoe-upper leather rendered valueless by curry-comb scratches. An attempt is 
being made to educate fai'iners not to u.se curry combs with sharp teeth and to 
soak and soften filth before attempting to remove it from an animal. 

Another serious type of damage is caused l,)y goads, prod poles, pitchforks and 
other pointed instruments, which cause scratches and actual punctures, usually 
in the most valuable parts of the hides. 

Wire Damages 

Many ignorant ami superstitious cattle raisers still observe the ancient and 
inhuman practice of placing wires in the hides of their cattle, a relic of witchcraft 
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Fig. 56, Dangerous Wires Placed in Hides, a Relic of Witi'hcraft Days, 

days. Heavy copper or iron wires «'irc forced throug'h the loose ftdds <»f the dewlap, 
brisket or flanks and then twisted to keep them in j()hice. 

Outbreaks of serious cattle diseases have ])een traced to such practice. Not 
only are the hides injured, but the wiri‘s cause .serious dainag'c to knives and 
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Fig. 57. Brand Marks on Sole Leatlier. 
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inachinery in both slaughter house and tannery. Fig. 56 shows some o£ these wires 
found in cattle hides as received at the tannery. Metal identification tags placed 
in hides belong in the same category. 

Brands 

It is a widespread practice to brand animals with hot branding irons for iden- 
tification purposes, and often the branding is done on the most valuable portions of 
the hides. Branding causes severe and painful burns, which gradually heal by 
the formation of scar tissue. The unsightly appearance of the leather caused by 


Fjg. 58. 



Courtesy Dr. F. 0‘Fhherty. 


Cross-section of Steer Hide with Grub Working Its Way from the Flesh 
Side to Outer Surface. 


branding results in a loss of nearly 40 percent in the value of a hide. Fig. 57 
shows the effect of hot-iron branding on the appearance of the leather. A move- 
ment is on foot to replace hot-iron branding by a marking with chemicals placed 
only on the check for identification purposes. 

Damages by Parasites and Diseases 

Grubs 

The grub or warble fly has often been referred to as 'livestock public enemy 
No. 1.” O'Flaherty and Mcl.aughlin have made some interesting histological 
studies of the effects of grul)s upon animal skin, from which we quote freely. 

There are two species of the grub fly, the Hypoderma Uneatmn and the Hypo- 






HIDE DAMAGES 


113 


derma bovu; the former deposits several eggs in a row, while the latter lays them 
singly. “The eggs are laid on the animaPs hair, generally near its heel; a single 
fly being capable of depositing during its life fi'om 200 to 500 eggs. In less than 
a week the eggs arc hatched and liberate larvae. The liberated larvae now travel 
down the hair and enter the animars skin through the hair follicle openings or the 
associated glands. Within a day or two after the entrance of the larvae a small 
scab forms to close the opening they have left. Once under the skin's surface 
the larvae penetrate the skin corium and reach the underlying connective tissue of 
the flesh. From this period until the grub appears in the region of the animars 
backl)onc but little is known definitely. While in the animal body the larvae 
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Fig. 61. Healed (iriil) Damages on Heavy Leather. 

undergo a number of molts, during which time they travel, Tiy an undetermined 
route, through the entire body, appearing to select loose connective tissue for their 
path. 

“After two previous molts the larvae have developed into the third stage and 
have reached the fh‘sh immediately underlying the animal’s skin, usually near its 
back-bone. Since they have to spcml considerable time at this spot they proceed to 
provide (luarters in keeping with their needs. They first burrow out a considerable 
space in the hide’s ‘"flesh ” ; tlie bulk of the gruli’s body remains in this flesh space 
until its escape from the animal through the skin. They next arrange breathing 
communication with the outside atmosphere by burrowing through the corium and 
epidermis ; the opening thus formed is known as the breathing pore. 

“While living in the space described above the larvae undergo two further 
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molts, developing’ into their fifth and final sta.ge and ultimately escape through 
the breathing pores. Should the animal be slaughtered before their escape (oi veiy 
soon aftei'ward) the hide would show ‘^open grubs.^’ If escape has preceded 
slaughter sufficiently long (so that nature has liad time to heal the wound by the 
formation of *‘scar tissue”), the hide will show “healed grubs.” It is evident that 
the severity of healed grub damage to skin varies with the length of time elapsing 
between the grub’s escape and the slaughter of the animal. 

“The grub digests and destroys the skin around it, and deposits, in tlu; cavity 
described above, waste products of its own metabolism. Ihis waste debris, f)r ])art 
of it, often remains in the skin after the grub’s escape, being walled off and more 
or less permanently enclosed by the scar tissue formed. Ihe points at wliich skin 
has been weakened by the digestive action of gru]>s may become infected ])y bac- 
teria, and in such cases abscesses may result,” 



Caurtcjiy Hide und f^eather PuNithtnff C 
Fio. hi. C’alf Leather “RttltlUMr* witli (iruh Holes. 


Fig. 58 vshow.s a ])hotouiicrograph of a cross- st^ci ion of .steer hide cut right 
through a grub working it.s way upward from the fleslt side toward tin? outer 
surface and destroying the hide fibers in it.s path. 'Mg. 59 shows a cross-section 
of steer hide cut through the hole left after the grub has departed. 

If the animal is still alive after the grub has gone, filiroblasts from tlte Idood 
try to repair the damage by pnalticing^ scar tisstic. Fig. 60 shows a cross^' section 
of .steer liide after tli(‘ healing action has taken jdace and the bob* is completely 
filled with sear tissue. 
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Iwen when t}K‘ g'rub has left and the damage has been repaired with scar tissue, 
leather made from the hide is unsatisfactory, both from the standpoint of appear- 
ance and of strength. 

Figo 61 shows the surface of heavy leather with many healed grub damages. 
Fig. 62 shows a skin of calf leather with grub holes, or ‘‘pepper boxes,” which look 
like holes made by buckshot. 

The Department of Agriculture has made exhaustive studies of the grub fly, 
which docs but little travelling during its lifetime, and has come to the conclusion 
that any farm or community can reduce or entirely eliminate grubs in from one 
to two years by following the plan it has laid down in “Farm Bulletin No. 1596.” 

Lice 

Animal lice are small parasitic organisms that live on animals and are generally 
differentiated according to species as sucking lice or biting lice. In laying their 
eggs, they attach them to the hairs of the animal close to the skin. It requires 
about two weeks for the eggs to hatch and a shorter period for maturing, at which 
time the females are ready to mate and begin an egg-laying period. The lice spend 
their entire lives on the animal host. 

Not only is the grain surface of the leather scarred l)y the lesions made by lice, 
but a loose and readily decomposing spot is produced by the inflammation at the 
site where the lice attach themselves. 

Lice are readily destroyed and the Department of Agriculture has issued a 
bulletin on “C'attle Lice and How to Eradicate Them.” This can be obtained 
as “Farm Bulletin No. 909.” 

Ticks 

The tick is another blood-sucking parasite that lives on animals. Their develop- 
ment is described by O’Flaherty and Roddy as follows : 

“Ticks are parasites which live on various species of animals — they not only 
devitalize and annoy the animals attacked, but often are carriers of serious systemic 
di.seases. 

“The tick, of which there is one or more .species for each species of animal, is a 
small bug-like animal. Its body is large; it has a small head and chest and four pairs of 
legs. The head has mandibles (jaws) and a hypqstome — a sort of a radio-dart. 

“There are male and female ticks which live on the animal skin, and the female 
attache.s itself by its mouth parts and sucks blood. While so attached, mating occurs and 
after al)uut three weeks of blood sucking the female falls to the ground and finds a 
secluded spot where she lays her eggs. A single female will lay as many as 4,000 to 
5,000 eggs. The preferable place for egg laying is under a stone. 

“In about three weeks of proper temperature tlic eggs hatch and the larvae, which 
are small and have only three pair of legs, crawl about on grass or other plant life, 
from where they come in contact with the animals they parasitise. These larvae arc 
able to live in a bottle for 6 months without food. 

“As soon as the tick larvae finds a home on tlic skin of some animal it undergoes a 
number of developmental changes and matures into male and female 8 legged ticks. 
The process then commences anew. 

“The favorite spots wliere licks prefer to attach themselves is such protected places 
as on the tender skin between the fore legs of the cattle. When quite numerous the 
licks attach themselves at any point on the skin. 

“Because the female attaches itself by inserting a claw covered head, a certain amount 
of local damage is done at the site of attachment. Because blood is sucked out of the fine 
capillaricH, tissue damage results. The part becomes congested and inflamed. 

“As tile tick is the carrier for such diseases as Texas Fever or Splenic Fever, it 
often liappcns that some of the germ life which causes these diseases are instilled 
when such attack is made. 

“The damage done by ticks is, therefore, threefold: ticks damage the skin; ticks 
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suck blood and weaken the animals attacked; ticks carry contagious disease germs and 
inject them into animals. 

‘'Full details of the seriousness of Cattle Fever ticks arc set forth in the IJ. S, Dept, 
of Agriculture Bulletin No. 1057. All live stock raisers should read this booklet. 

“When ^ tick damaged skins are made into leather, the grain shows the damage 
where the ticks were attached which lower the value and beauty of such leather, d'he 
spots under such scars are loose and often badly decayed.” 

Fleas 

Fleas are a common type of insect frequently found living on the skins of 
animals. They have compressed bodies, limbs adapted for leaping and Iu!ads armed 
with piercing mandibles, or jaws. They arc also equipped with long <‘x tensions 
of the nose for sucking blood. They cause skin damages, which are small at first, 
but may be the forerunners of serious secondary inftalions. They also play tlu‘ 
role of host to some species of intCwStinal worms. 



llhU' anti Lvitthcr < f>. 

Fig. 63. Cross-section of Hide with Voids Betweem the h'ihers Caused by Mange Mites. 

Mange 

Mange is a broad name given to many different parasitic skin <!iseascs of 
animals, one of the coinmone.st types being known as follicular, or deinodtaiie 
mange. This disease is described by O’Maherty and Hoddy as follows: 

^ “Follicular mange i.s a contagious para>itic tlisease which aflects all .species of 
amnuds, including man. This form of mange is eanstsl hv a mile which is visible oiilv 
under the microscope. It lives in the hair hdlicles and beneath thej skhf.s surface. Huh 
form of skm disease is difficult to detect and identify, a fact whieb acemmts for its 
spread among cattle and swine herds. Mange damugti to the animal’'. nUIh becomes 
apparpit in the early stages of i)n‘paring tlu* skins or hhU’s tanning. The damage 
done by follicular mange greatly reduces the value of the leather mmle from such skins 
or Iiides. The mange mites, male and female, enter the skin thiamgh tlie follicles 
where they mate, ilie females then move to a space between the fibers l)elow th<‘ 
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P'lG. 64. Lesions of Follicular Mange in a Piece of Calf Skin. (In the finished leather, 
the mites make cheesy spots.) 
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hia. 66. Cross-section of Steer Tlkle witli Damage Canved hy k'olHetilar > 



( fHtripjiy Ilulc unti l.mttwr ( 

'iG. 67, Microscopic Mites <\Husing k’ollitmlar Mange. 
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level of ^the hair roots and lay hundreds of eggs from which young mange mites are 
born. The young mites imdcrgn several changes and then when mature spread to 
other locations to oontinne their multiplication. 



Coiutrsy Hide and Leather Fithlishing Co. 

Fig. 68. Crust Formed by Liacteria on Mange- Infected Steer Hide. 

“When cattle have follicular mange, they evidence irritation of the skin if examined 
closely, otherwise it may not be detected for a long period of time. Animals with this 
or any other form of mange will scratch and rub their skins on any object available. 
Ihis^adds to the damage and reduces further the value of the skins or hides. 

“When animals are infested with follicular mange they are unthrifty and thus 
improlltalde to the owner. 

“Very often the first readily noticeable indications of mange on the skins of animals 
are bacterial infected lesions. Ver]^ early the hair becomes dull and matted by serious 
discharge. liy rubbing and scratching the cattle infect the “mangy*’ irritated areas and 
l)us fonnation and skin abscesses result. These the live stock owner can easily see. 

“FolHcuhir mange is^ .spread by contact from animal to animal or from premises 
to animal. Healthy animals become infected by mangy animals or from infected 
ipiarlers. 
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h'lG. 66. Ch'oss-sectiun of Hog Skin with Lesions Caused by Follicular Mange. 

“Since the mites for the most part are located in the depth of the skin or hide, 
any treatment applied locally will be only slightly cjRfcctive. Animals with ^mange 
should be kept hy^ themselves and marketed as (luickly; as possilde. All premises on 
which infected animals were kept .should be thoroughly cleaned and disinfected before 
being used by other animals. 
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“When skins or hides with mange are processed into leather, a gieat loss is suf- 
fered. The grain is coarse and scarred and with proiniucnt hair pockets. Jn the sub- 
stance of the leather the mites exist as cheesy masses, some such masses occupy as 
much as one-half the thickness of the hide. 1 . 1.1 

“A great loss is suffered by the live stock owner, the packei, and the tanner when 
mange is present. The remedy rests with the owner of the live stock and he will piofil 
directly with his efforts to combat the disease. 
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Fig. 70. The Point at Which Scafne.s U.sually llegins on tlic Shoulder of_ i ‘attic and 
Spreads to All Ihirts of the Hide and (insert) the Parasitic Mite rausing ScahicH. 

Scabies 

Another variety of mange is known as scabies, a contagiuUH skin disease of 
animals caused by a parasitic mite. It is de.scrihed l>y O'Maherty anti Kotidy as 
follows : 

“When cattle have scabies it so affects their skins that tliey are materially lowered 
in leather making value. 

“Scabies is a source of great loss iu the live sUick raiser as well as the fanner, 
and directly affcct.s the packer and the tanner. 

“Scabies is caused hy a parasitic mite which is so small tliat it is diflirult ttj sec 
unless one ilscs a magnifying lens. Thi.s disea.se spreads fiy etmtacl eitlier tlircctly 
or indirectly. It develops in a short time a.s there arc male and female mites, and it 
has been estimated that the female will lay a ntillion and a half eggs in about three 
months time. 

“The lesions first ai^pear on the shoulders and neck and then the miles spread Ui 
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all parts of the skin. Tlic skin becomes red, irritated, and swollen, and later it thickens 
and becomes rough. 

^ '‘Cattle _ and calves with scabies never do well — they become weak and anemic 
which predisposes them to many other diseases. 

“There arc several varieties of this, type of mange, but for the purpose of this 
article they will he considered collectively since the damage they do is of the same 
nature in all cases. 

“Scabies is communicable to other animal species and also to man. The remedy 
in cattle is dipping in lime-sulphur solution and proper hygiene. The mites are killed 
in short order by sunlight, but in the absence of sunlight they live 8 to 10 days when 
away from tlie animal. 

“For a comprehensive treatise on the treatment of scabies see Farmers Bulletin 
No. 1017 of the U. wS. Department of Agriculture. 

“When animals liavc scal)ies they itch and rub themselves on any object available. 
Any sharp objects like l)arl) wire, nails or rough boards add to the injury of the skin 
and' increase the damage. The skin becomes infected with bacteria and other fungi 
making it more difiicult to cure. 

“When skins of animals with scabies are made into leather the full extent of the 
damage is seen. The grain is rough, broken and does not uniformly take the finish. 

“'I'hc meat of an animal with scabies is poor and undesirable so direct profit 
will be made by the farmer or stock raiser who keeps mange out of his cattle herd. 

“Idle remedy for this unnecessary economic loss which totals millions of dollars 
annually rests with the owners of the live stock, hhiminatc inange and keep the stock 
in dean (|uarlers. This will bring 1)ig dividends as profits in sales. This is the only 
way the damage can be eliminated from leather. 

“Mange is a robber of profit.s to the live stock, meat and leather industries. It 
has been reduced by the cooper<ation of Federal and State Agricultural Departments 
and the farmer, but the losses still amount to millions of dollars each year.” 



Courtesy Hide and l.eaiher Pahlishinu Ca- 
li HI. 71. Mangy Hog and (in.scrt) the Parasitic M.itc Causing Scabies. 

Stephanofilariasis 

During 1933, a new clisease was discovered among cattle in Wyoming, Colorado, 
South Dakota and Nebrti.ska by the Ihircau of Animal Inspectors in cooperation 
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with the Zoological Division and reported by Dikmans. It is caused by a small 
nematode worm, hair-like in size and of the genus stepliano filar la. ^ It produces 
lesions that reduce the leather-making value of hides, whicli arc described in detail 
in a paper by Roddy and O’Flaherty, to which the reader desiring more detailed 
information of this disease is referred. 

Pox 

Cow pox in cattle and hog pox in swine are infectious diseases analogous to 
smallpox in man. Although the diseases arc no longer prevalent, it is desirable 
that the tanner be able to recognize damages caused by pox in order to differeiUiatc 
them from other damages. 



CtntrU'sy Ur. h\ U' I'hihrtt y, 

Fig. 72. LcsitHi.s on the Surface of Ilog Skin Caused l>y Hog Pox, 

In the living animal, the first .symptom affecting the skin is a g(‘ntn*al intlam 
niation and small red siiots apiiear on the more tender parts, such as tlu* inner 
thigh, aliclomcn and sides. 1'he red s|)ols devclo|) into small vcsiclt^s or blister 
like ei'uptions, which at first contain a thin watery .serum or lymph, which beismu* . 
thick and pus-like. According to O’ Flaherty and Roddy, 



Courtesy Dr, F, OD-laherty. 

Fig. 73. Cross -section of Hog Skin Cut Through a Lesion of Hog Pox Before tlie 

Scab Had Dropped Off* 


'‘Each lesion Iieghis as a .small pin-point .sizet! affair, hni by growth it may rearli 
the size of a dime. Jn^some cases .several original le,sions may develop into one large 
mass. Due to the itching nature pd the di.seasc the animal is inclined to scratch or 
rub the lesions on any fareii 4 'n ohject available; this resnlt.s in sureadiiiit tlie infective 
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niutcrial and causes the lesions to become raw and bleed. Secondary infections are 
acquired and the original lesions become a most appravated and extended scries of skin 
damages. 

“A deposit of pigmented materials (melanins) is often made in the raised part of 
the lesion and this causes the lesion to become dark brown or black. 

“After becoming fully developed the lesion forms into a scab which later becomes 
dry and loose and drops off entirely. A very indistinct scar results. If however the 
lesions become secondarily infected then the resultant scar will vary with the damage 
done.’' 

Fig. 72 .shows the surface of a piece of hog skin infected with hog pox. A group 
of small lesions has developed into a confluent mass which covers an area of sev- 
eral square inches. The photograph represents the skin reduced ^ in size. Fig. 73 
shows a photomicrograi)h of a cross-scction of hog skin cut right through a lesion 
l)efore the scab had dropped off. 

Ringworm Scars 

Ringworm is the athlete s-foot disease in animals. It is also referred to as 
Herpes and is a contagious skin disease caused by a fungus or mold-like organism. 
It is descril)e(l l)y O’Fkdierty and Roddy as follows: 

“Ringworm is a very common skin disease of cattle, especially during the winter 
season, and it i.s sometimes called barn-itch by the farmer. The mold or fungus causing 
it is a microscopic sized branching tree-like germ. Spores, which are much like minia- 
ture seeds, is the method by which these germs reproduce. Ringworm is spread from 
animal t(; animal by direct contact; also by rubbing on infected stalls, walls, and posts. 
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Fig. 74. Ilow the Lesions of Ringworm Remain to Devalue the Finished Leather. 


“The germ-molds live in the hair pockets where they cause the hair and its roots 
to I)C destroyed, the follicle or pocket becomes inflamed and secondarily infected by 
(dher germs which are present in the air. The infection spreads in a circular fashion 
and results in a loss of hair from round or circular spots. If the infection continues 
a scar results where each hair pocket was damaged These run together and finally a 
large scarred area results. Such areas arc usually round varying in size from a pin 
point to the size of a silver dollar, 

‘‘From a clinical standpoint, many distinct forms are recognized- -they all scar the 
L-i-i'n ritiH ih(* infection mav occur on any part of the animal skin. Ringworm lesions 
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cause the animal to itch and rub, lose weight, _ and readily contract otlicr skin diseases. 
This is a direct loss to the owner as the lesions are so evident that tlie animal does 
not bring a good price on the market. 

“When the skins or hides have been unhaired, the scars arc very evident and the 
finished leather still shows the scars. The scars appear as bright, shiny spots, the 
same size as the lesions were during the life of the animal. This leather is lowered 
in value, yet the cost of the skin to the tanner has been the same as though it were 
a first grade skin. Secondly, the cost of tanning and finishing such leather has been 
the same (often times more) as for the production of first class leather, thus resulting 
in a direct loss to the tanner. 

“Ringworm is costly to the live stock industry, and can be readily eliminated. In 
this way, a very unjust loss to the leather inanulacturcr can be avoided." 

Warts 

Another of the serious economic losses in live .stock is a skin {liscas<‘ wliieh 
produces large masses of wart tissue. Tlu’s is described by O'Flaherty and Koddy 
as follows: 

“Warts, known technically as verruca vulgaris, are caused by a virus, ^ are thus 
infectious and the contagion spreads rapidly especially among young e.attlc. The virus 
(this is a name for infective material .so small in si/e it cannot he seen under the 
microscope) is found in the wart-like growth on the skin or in its dischargi*. W’bcn 
an animal with warts rubs on some object, the object beeonies contaminated with the 
virus and tlirough this an(l otluT ways the dis<'ase sjireads. t ’alves are most susceptible 
as warts develop on any part of their body. In a(fult cattle the warts are moi'e often 
limited to the head and neck regions. 

“Warts are of several varielie.s — .some ar<‘ soft, break down easily and luua* a 
nasty discharge. Other varieties arc hard and almost horn like in cliaracter. 

“When cattle have warts they sliow very little general disiurhanet* yet .stieli growths 
are supported by the animal and cost tlie live .stock owner nioiu'y. ('attie with warts 
are unprofitahlc to the owner for their market value is gnsitly rediu'ed liy their very 
appearance. 

"When wart.s break off they leave exposed and bleeding skin areas, 'fhese are stilg 
ject to infection by the ever pres(‘nt disease germs and abscesses and otlnn* imdesirulde 
conditions result. 

“While no actual knowledge is available as to the iiilhienee of this dis<*as<* on tlie 
meat, llio very sight of an animal <'ov<‘re(l with warts rednees its market value. 1’he 
hides are proiiorliouately reduced in value for when warts are numerous it means that 
an otherwi.se valuable hide is sacrificed ba* gha* or fertili/er. 

“Hides at lO cents per lb. are worth per ton the l»est fertili/(T can be 

bought for $10.00 per tom this gives one an idea of how naltteed in value a hide may 
fiecome. If only a few warts arr jjresent they may !>e trimnual olT fmt freipiently hard 
warts have injured tannery machinery heeau.se of their hard miviridine, nature. 

J'Wart damage i.s not confined to the .skin surfaei*, it afltaMs tln' ontin- ihii‘kiiess of 
a hide making the leather from such area of little value. Skins and hides with warts 
are always covered with more germ life than a hide without warts, 'ritis means a 
poorer cure and the introduction of germs into the s<»ak and wash waters. During liming 
the warts become loo.se and part.s come off in tin* lime, Afti*r unhairing a sear results 
in all tho.se areas where warts were present. 

“After tanning and finishing the damage is still very apparent and the leatiter is 
devalued accordingly. 

“.So here we see another sitIous e(Nmomi(* Iosn viNilerl upon the live stork industry 
efFecting further losse.s in the meat and leather imluhtries. Hie remedy rests with 
the live stock industry. This dis<*aM‘ ran he (‘liminated by getting rid of all iiife<1ed 
animals and hy liygicnic control of the (piarters of the live stfKd<." 

The foregoing treatment of tin* stihjeet of damagt'S oeetirring on living animab. 
is far from complete, Init limitations of spae(‘ prewamt us frinu attempting a much 
fuller treatment. However, what has Ing'n given will provide tanners with a good 
start toward a better understanding of many of dam, ages found on hides ami 

skins as they rcrudi the tannci*y. 
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Damagks Occurring After Killing 

Of the damaged country hides and skins received at the tanneries, the more 
serious damages may be attributed to lack of experience and skill in flaying, curing 
and handling the stock preparatory to shipping it to the tanneries, or to downright 
carelessness and indifference in the work. Big~packer hides command a substantial 
premium over conniry hides simply liccausc of the more efficient manner in which 
the work following the killing is done. 

Butcher Cuts Damages 

In removing the hide from the carcass after slaughter, an inexperienced or care- 
less butcher can comiilctely ruin a hide for purposes of leather manufacture. 
iMg. 75 shows the flesh side of a hide badly damaged in flaying. Because of the 
lack of expert use of his knife, the Imtchcr has made a large number of cuts into 
the hide, which appear as long furroughs or scores or as cuts right through the 
hide. 



Courtesy Hide and Leather Publish ing Co> 


h'la, 75. Hide Badly Damaged by Poor Takeoff, Butcher Cuts and Scores. 

:io)rttmately, damages of this kind can he seen by the tanner when he buys the 
hides and he can make claims against such damages, but enormous number of hides 
are ruined in this way annually. 

Poor Pattern 

Pig. 46 of ChaiJter 2 shows tlie correct pattern, or outline, of a standard big- 
If vorv iiuDorfant to the tanner niakine: good leather that the hide 
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be cut and removed from the animal so that its contour is that of the standard 
pattern. But this requires skill and care in all the operations of llayin^^’. 

Grain Cracks 

In the big packing plants, the hide is pulled from tlic beef of the carcass while 
the fcllbeaters beat the hide on the flesh side with the backs of cleavers, fn some 
smaller establishments, a workman may use a mallet to assist in removing the hide. 
Heavy hides can withstand this pounding without serious harm, l)Ut rah skins are 
thinner and the pounding often causes the grain surface to crack. Typical grain 
cracks on calf leather caused by the use of the malk‘t in Haying are .shown in h'ig. 76. 



Ctmrtes;;^ 1\ O'lHaheUy 

B'ig, 76. Grain Crack.s un Calf Leather Gau.Hed by the Use of the Mallet in Maying. 


Salt Stains 


Curing Damages 


When green, sailed hides and skitis are unhaired, tluyv are fn*qtiently ftniud 
to be badly stained with a gre<‘nisli-]>lne or ntsty Inanvn color. U.siially tlu’se 
stains can be removed hy picklhig the stock with sulfuric acid auf! salt, but (h'ten 
the stains cannot be remov(‘d by any simple method known and greatly lower the 
value of the finished leatlu*r. I1ie.se stains are emnmonly known as suli .v/i/bav* 
because it was formerly believed that tlu‘y wen* eau*-ed by the salt u^cd in curing. 
It is now known that they result from improper curing, although impuritit*s in the 
.salt use<l may he responsible for many stains. Hie percentagt* of stained skins is 
usually highest in those countries wluu'e pure salt is nth suificiently abundant to 
jjermit its use in curing. 

Most salt stains eontain iron, which may enmc from impurities in the sail or 
from the decomposition of blood left in the hides. If the curine- in delaved after 
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IvOcation : 

Belly. 

Thickness of section: 

40 microns, or 0.0016 
inch. 

Magnification : 

50 diameters. 



Fig. 77. Vertical Section of Calf Leather Cut Through Loose Vein. 


Location : 

Butt. 

Thickness of section: 

40 microns, or 0.0016 
inch. 

Magnification : 

50 diameters. 




250 Oianictcrs. 
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the slaughter, or if decomposition sets in before the stock is completely cured, the 
percentage of stains is greatly increased. The work of McLaughlin and Theis, 
described in Chapter 2, shows that the proportion of stains can be reduced by 90 
percent simply by washing the stock free from most of the blood immediately after 
flaying, and then brining and curing. 

Paessler found that the percentage of stains could be greatly reduced by using 
salt to which was added 3 percent by weight of soda ash. The soda ash produces 
an alkaline condition unfavorable to bacterial action and it tends to precipitate iron 
salts so that they cannot combine with the hide. 


Location : 

Backbone. 

Thickness of section: 

30 microns, or 0.00118 
inch. 

Magnification : 

50 diameters. 


Fig. 81. Vertical Section of Calf Leather Showing Bacterial Damage in Sweat- 

Gland Area. 

Bacterial and Putrefactive Damages 

Until fresh hides and skins are properly cured, they are readily putrescible, and 
every delay in curing after the slaughter adds its toll in bacterial damage to the 
stock. The penetration of hides by salt is greatly retarded by improper flaying, by 
coagulated blood, and l)y changes in the hide that increase with time after slaughter. 
Those parts of the hide not penetrated by salt are subject to bacterial action until 
reached by the salt. Often the bacteria will develop along the blood-vessel systems, 
causing the hide fibers in the vicinities of blood vessels to be destroyed. This 
results in rather large, open channels following the patterns of the blood-vessel 
systems and leather produced from such stock is said by the tanner to be veiny. 
Fig. 77 shows a cross-section of veiny calf leather cut at right angles to the direction 
of a vein. It will be noted that the hide fibers have been eaten away over an area 
twice as great as the cross-section area of the vein. Fig. 78 shows a similar cross- 
section of calf leather cut parallel to the vein. 



130 


MODERN PRACTICE IN LEATHER MANUTACTURE 


Fig*. 79 shows a cross- section ol call leather in wlnh'h the grain siii'iace has liecn 
attacked by bacteria. I^ig. shows another in which tlu* iollii'h' has been altadvcd 
and Fig. 81 another in wliich the bacterial damage has la/en great in the ar<*a of the 
swTat glands, causing the leather to be loose and pipey. 


Shipping Damages 

Scratches and Abrasions 

Even after raw stock is properly cured and l)nndled, it may still siilltn* damage 
before it reaches the tanner, \\diere the hides are bundled with the hair si<k^ out, 
careless handling may result in scratches, abrasions and c’ven pun<'tur(‘s. 

Wetting 

If the stock in shipment is allowed to get wet by conta<'t with water, bacterial 
action will begin again wherever much salt is removed. In the ('asi* ol pickU'd 
sheep skins, the removal of salt will cause an acid swi'lling with mmii dost nn'l ion 
of the skin fibers. 

Overheating 

Either green, salted stock or jiickled stock may ])v kepi for s<‘veral years at a 
temperature of about 60"F., but at temperatures above b(Fb\, d(‘comjH»s{tion 
increases at a very gre<'it rate. Tii very hot weallier, it is advisa1>le to ship stock in 
refrigerated cars and to remove it to a cool plac(‘ imiiKshately upon arrival at tlu? 
tannery. 

Localized Drying 

If stock is not handled propmdy in transit, there is great <lan:‘er of partial drying 
of exposed areas. While this is not damaging in itself, the dried arean will no! take 
up water as readily in tlu; sojd<ing at the tannery as the nndi ie(l artMs. Uiile.s.s 
the tanner lakes special measures to equalize tin* water eruitent of the stock hef<ire 
it is allowe<l to enter the tan yards, the resulting unevennes-. of the tannaey will 
greatly lower the value of the resulting leather. 

Contamination 

Any goods in transit may be damaged by eontaet with other malenal’-. Wlien 
unloading slock received at the* tannery, the lamun* must he vvvy alert to locate 
such conttiminalions and to make tlH‘ necessary claims for damagy* before he puts 
the stock in process. 

Guarding Against Losses 

Even tlui brief descriptions of hide tlaimages given above are sniheienl {«> main* 
the layman w'onder Iiow a tanner could ever hope l<i make good Itntlun’ without 
taking staggering losses. Actually the tanners’ brsses dm* to the types of <!amages 
described above are enormous. In order to minimize them, a taniau* mma become 
highly cxperieneetl in selecting sources and gradi*s of stoi*k ttJ as old tliose that 
will cause liim great losses, and ht‘ mtisl la* ahU* to dt*teet quickly damages on winch 
he may make legitimate <'laims. 
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Chapter 6 

Purchasing Hides and Skins 

Before a tanner can make leather, he must ])urchase the necessary materials. 
The one fundamental material that he must buy is hides or skins. Since tins raw 
stock may cost him more than one-half of the selling' price of his leather, he must 
buy intelligently or face the possibility of heavy loss. Many a tanner owes his 
success chiefly to his engaging the services of an expert hide buyer wlio lias devoted 
his life primarily to the intelligent purchasing of hides for tanners' rcfiuirements. 
Some of the world’s largest tanneries have been thrown into bankru[)tcy liy a tem- 
porary loss of conservatism in the buying of hides during fieriods of large market 
fluctuations. An unusually large element of garni)! ing is forced u|)un the tanner 
by the fact tliat the demand for leather does not influence tlie i)r(:Kluction of hides, 
but merely their market value. Hides are a l)y~|)rodncl of the meat packing indus- 
try and become available only in accordance witli tlie demand for meat, an<l prac - 
tically all hides made availalile are tanned into leather. In this cliapler, w(^ cannot 
hope to do much more than indicate the mechanism involved in purchasing hides 
and skins, their sources and suital)iHties for making difTeiamt types of leathers and 
methods of reducing tlie clement of gambling to a minimum. 

The Producer 

A producer of hides is sinijily an individual or a caimfiany tliat eomes into 
possession of animals, slaughters and flays them and offers tlie hides ft)r sale. At 
one extreme, wc have tlie iiulividual fanner who kills one of his animals to get 
meat for Ins own family, lie may flay the aninuil and ])reserve the hidi‘ as wtdl as 
he can until he can get it to a collector of hides or a dealer who will pay him for it. 
At the other extreme, we liave the big packer who slaughters enormous numhers 
of animals and flays and cures tliem in a liiglily efficient manner. lietwet‘ii tlie two 
extremes, wc have the small packer and the city and country hutelu*rs. All are 
producers, and from them come the raw hides and .skins that ultimately are sold to 
the tanners. A packer may sell directly to a tanner or through tlu* agency of 
brokers, dealers and the Hide Ivxchangc (Commodity Exchange, Ine. in the llnitiHi 
States). As it would hardly lie practical for a farmer or oilier very small |»rodueer 
to offer a liide or two at a time to a tanner, he usually sells to a collector, wlio 
gatliers enougli together to sell to a dealer. 

The Collector 

A collector contacts many small producers over a giveii area, buys tladr hides 
and skins from them and rt‘sells tliem to a larger dealer. He may mertdy a<t as 
agent for a dealer, or he may be a small dealer liimself, selecting, assorting and 
recuring the stock and offering it for sale to nearby larmers. 

The Dealer 

A dealer [uirchases his bides and skins where* be may, from collectors, other 
derders or from tlie producers themselves. His husin(‘ss mnv vjirv 
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little more than that of a collector to one of enormous proportions. He may have 
agents all over the country and also in many foreign countries. He may special- 
ize only in certain types of raw stock. He may act as agent for dealers in foreign 
countries. He may have facilities for grading and curing raw stock and usually 
sells directly to the tanner or to other dealers. He may sell through brokers. 

The Broker 

The broker serves the tanner in much the same manner as an investment coun- 
sel or stock broker does an investor. He is usually an expert hide buyer and advises 
tanners where to buy hides and skins to the best advantage for their purposes. The 
more important brokers have offices also in the principal hide centers of foreign 
countries. The broker makes purchases directly for a tanner’s account, charging a 
stipulated commission for his services. When a tanner does not have an expert 
hide buyer, it is usually the part of wisdom for him to consult a good hide ]n*oker, 
who specializes in the types of raw slock that he needs for his purpose. 



P producer 
C collector 
J.) dealer 
1^ broker 
X hide exchange 
T tanner 


P-T 

P-B-X-n-T 

P-B-T 

P-D-T 

P-D-B-T 


P-C-T 

P-C-D-T 

P-C-D-B-T 

P-C-D-B-X-B-T 


Fig, 82. Ways in Which Hides May Pass in Going from Producer to Tanner. 


It often becomes advisable for a hide broker to become also a dealer, because 
he frequently finds opportunities for making very advantageous purchases or sales, 
which benefit both himself and his tanner clients. A tanner often engages the 
services of his 1>r()ker to make purchases directly from a producer, because the 
broker is more intimately familiar with the market fluctuations and can usually 
do better for the tanner than the tanner can do for himself. 

A tanner also engages the services of a broker whenever he desires to purchase 
through the I tide Exchange or at the Public Auctions in foreign countries. 

P'ig. 82 shows the variotis routes along which the ownership of hides and skins 
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may travel from the prohuem' l(') the taimcr. 'I lie tanner may buy (lire('tly from 
producer, collector, dealer or broker or throii|L;h tlie conihinations shown. 

Hide Prices 

No one working in the leather industry should ever lose siglit of tlie fact that 
hides are a by-product of the meat-packing' industry and tliat tlie production of 
hides bears no relation to the demand for leather. An increasing* demand for 
leather increases hide prices, but docs not increase the production ot hides, wliereas 
an increasing demand for meat lowers hide jirices because it results in a grt alter 
production of hides regardless of the demaml for leather; all hides made availalile 
are eventually tanned into leather. 

In calculating the cost of the hnished leatlier, it would usually he iound that the 
cost of the raw hide exceeds the sum of all other costs coinl>iiu*d, including lliose 
of other materials, lalior, overhead, etc. I'lnis, over «'iny extended i)eriod, U‘atlier 
prices must rise and fall witli hide prices. 

When the production of tlie raw material of an industry is not goserned by the 
demand for the ultimate product, prices of that raw material are naturally suhjei't 
to enormous variations. Talile kb taken from Ih’ice’s hook, “North American 


Table 19. Variaion in Market Price (in cents per pound) of PaclaT I.ighi Native 
Cow Hides from January 1909 to August, 1940, inclusive. 


Year 

Jan. 

Feb . 

March 

April 

May 

June 

July 


.Sept. 

(* rt . 

Nmv. 

1 irv. 

\ r.iily 

1909 

13.50 

13.50 

13.00 

13.00 

14.25 

14.75 

15.75 

15.75 

15.75 

16.00 

16.00 

15.75 

14.75 

1910 

15.00 

14.00 

13.00 

13.50 

13.75 

13.50 

11.50 

12.75 

13 . 51 ) 

13.50 

12.50 

11.50 

13.17 

1911 

11.25 

11.50 

11.50 

11.62 

12.00 

14.00 

15.50 

14.75 

14.75 

15.00 

15.00 

15.00 

13.49 

1912 

14.50 

14.50 

14.50 

14.75 

15.50 

16.25 

16.50 

16.34 

17.50 

17.75 

17.75 

17.50 

16.15 

1913 

16.75 

16.50 

16.25 

16,00 

lO.OO 

16.50 

16.75 

17.75 

18.00 

18.50 

18.50 

18.25 

17.15 

1914 

17.25 

17.50 

18.50 

18,25 

19.00 

19.00 

19.25 

19.25 

20.00 

19.50 

20.00 

22 00 

19,12 

1915 

23.00 

23.50 

22.50 

19.00 

20.00 

23.00 

25.00 

26.00 

24.00 

23.00 

23 . 0i ) 

22 . 5ti 

22.87 

1916 

20.00 

22 . 0 () 

21,50 

21.50 

23.50 

24.50 

25.00 

25.00 

24.50 

25 . 5t ) 

28 . 5tl 

32.00 

24 . 4 (. 

1917 

31.50 

30 . 51 ) 

30.00 

28.00 

31.00 

32.00 

33.00 

32.00 

28.00 

26.00 

28.50 

28,00 

29.88 

1918 

25.00 

21.00 

19.00 

16.00 

21.00 

26.00 

2(j.OO 

24.00 

24.00 

24.00 

23.00 

23.00 

22.67 

1919 

22.00 

22.00 

23.00 

24.00 

32.00 

37.00 

45.00 

61.00 

50.00 

50.00 

47.00 

43.00 

38,12 

1920 

36.00 

41.00 

35.00 

35, 00 

36 .()() 

34.00 

30.00 

27.00 

25.00 

24.50 

16.00 

15.00 

29.51 

1921 

13.00 

12.00 

10.00 

7.00 

aou 

10.00 

11.00 

12.00 

12.00 

12.25 

12.75 

13.50 

1L12 

1922 

13.50 

13.50 

ll.OO 

10.00 

12,25 

13.75 

15.25 

18.50 

19.00 

19.00 

I8..50 

16,00 

15.02 

1923 

15.00 

15.00 

IS.OO 

14.25 

14.50 

14.00 

10.50 

13.00 

11.50 

12.25 

10.50 

10.00 

12.9n 

1924 

1L ( K ) 

11. .50 

lO.(H) 

9.75 

9,50 

10.50 

liUK) 

13.50 

14 . tH ) 

14.75 

15.00 

15..50 

12,08 

1925 

14.75 

15.25 

14.00 

13.25 

13.50 

13.75 

15.50 

16.00 

15.50 

15.25 

15,00 

14.00 

14,65 

1926 

13.75 

11.50 

12.00 

11.00 

12.00 

13.50 

12.50 

14.50 

14,00 

14..50 

14.00 

13 .. 5(1 

13.00 

1927 

13.75 

13.50 

13.00 

14.50 

16.00 

2Q,m 

21.00 

22.50 

22.00 

21.50 

21.00 

22.00 

18.40 

1928 

23.50 

24.00 

22.00 

25.00 

24.50 

22 . 5t ) 

22.50 

23 . 0f ) 

22.50 

19.50 

18.50 

19 . 5(1 


1929 

19.00 

15.00 

14.00 

15.00 

15 . tK ) 

15.50 

17.00 

17 . 0fl 

17.50 

16.50 

15.50 

13 50 

iIh7 

1930 

13.50 

13.00 

12.50 

12.50 

12.50 

13.00 

13.00 

11.00 

11.00 

Il.tHI 

9,50 

9.0U 

11.79 

hdl 

7.50 

7.00 

9.25 

8.50 

8.20 

10.00 

11.75 

10.65 

7 . f>3 

u.m 

7,44 

7.10 

8.49 

1932 

6.83 

6.(K) 

5.88 

4.63 

4.25 

4.25 

4.63 

6.35 

7,75 

5.85 

6.00 

5.00 

5.62 

1933 

5.13 

4.63 

5.47 

6.28 

10.19 

12.13 

13.20 

13.75 

12.10 

9.13 

9.75 

lO . tK ) 

9.40 

1934 

10.13 

1().25 

9.40 

10.89 

9.75 

9.10 

8.69 

6.83 

7.13 

6.88 

7.UU 

K.35 

8.76 

1935 

8.63 

8.53 

7.93 

9.00 

10.06 

9.85 

10.00 

10.09 

1 1.00 

12.0n 

li.Si) 

11.31 

10.00 

1936 

11.56 

10.63 

10.63 

10,84 

10.58 

11.34 

10.73 

11.05 

11.66 

11.75 

12.97 

13.75 

n.4o 

1937 

14.25 

13.99 

15.38 

15.83 

15.40 

15.15 

15.88 

17.25 

17.00 

13.50 

11.50 

10,60 

14.64 

1 938 

9.63 

8.55 

8.66 

8.45 

8.75 

8.75 

10.65 

11,42 

11.03 

12.49 

12.79 

11.42 

10.22 

1939 

10.64 

10.13 

10.68 

9.31 

10.17 

11.00 

11.25 

11.12 

15.14 

15.62 

13.99 

14.64 

11.97 

PMO 

13.65 

12.97 

12.71 

12.88 

12.63 

10.38 

11.88 

10.17 







Ih'ice.s sliown for years to ami including 1930 represent selliiig priee at the of the 
montli, a.s compiled in Fratfs Manual; suliseriuenl years n‘preM‘nt weekly Milling price 
averaged for llie montli, as com{»iIed by the Commodity ExdiauiM’, Ima, N<*vv \'oik. 
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Year 

Courtesy Shoe & Leather Reporter. 

Fig. 83. Variation in Market Price of Packer Light Native Caw Hides by Years 

from 1910 to 1940. 

Packer Hides,” page 71, shows how the marked price of packer light native cow 
hides has varied from 1909 to 1940. 

For convenience in stndy, the yearly averages have been plotted to make the 
graph shown in Fig. 83, together with the highest and lowest montWy value for 
each year shown in the lal)le. It should he ixmenihcrcd that the high and low 
values^ do not represent the extrennes for individual sales, but only the high and low 
monthly values for eat'h yc‘a.r, as described at the foot of the table. 
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Although it is intei*esting to study the effects of the World War and the subse- 
quent depressions on hide prices, the relation is not simple because of the marked 
effects of speculation and other causes. 

Speculation 

The making of leather is a highly competitive business, and fortunate indeed 
is the tanner who can average a net pi'ofit of 5 percent of the selling price of his 
leather. Before a tanner can make leather to sell, he must buy the hides. It may 
require from a month to a year to convert the hides into salal)le leather, and he 
must expect to sell the leather based on the price of hides at the time the sale is 
made. If hide prices drop considerably during the period required for the tanner 
to convert the hides he has purchased into salable leather, he may be confronted 
with the necessity of selling the leather at a heavy loss. If hide prices rise during 
this period, he may hope for an extra profit to offset losses sustained during a ptau’od 
of falling prices, but he is more likely to find some of his competitors offering 
leather liased on the prices at which they bought their hides. 

Sound business is not liased on sjwculalion, but the purchase of hides is of 
necessity always a speculative venture. Fortunately, there are ways of minimi/.ing 
speculation in hides, and every tanner should become intimately familiar with them. 
As long as a tanner owns cither hides or leather, he must accept the risk of a vary 
ing hide market. In order to eliminate this risk, he must avoid virtual onmership. 
There are at least three ways in which this cun be done. 

Avoiding Speculation by Buying Hides When Selling the Leather 

Some manufacturers of leather goods make tlieir imrehases of hither chiefly 
only at certain seasons and well in advance of their needs for aetnal dtdixau’y. 
They must know the price of the leather before jdaeing tlie order so that they ean 
calculate the cost of their goods before manufaeture is starleil, and tliey must order 
far enough in advance to insure prompt deliveries ns tlie leatlier is lU’eded. Sinet' 
competing manufacturers must follow the same proeedure, the result is that the 
selling prices of the goods are established long lu^fore the goods are inanufaetured 
and no longer subject to change for the particular season involved by any subse 
quent variation in the hide market. 

The tanner bases the price of the leatlier on the hide market of the day the order 
is accepted and purchases the hides to fdl the oialer on tliat day. In'om the moment 
of purchase of the hides, virtual ownership rests witli the c-ustomer whose order 
the tanner has accepted, and the tanner escapes all risk involved in the fluctnating 
hide market. 

Although the United States Government and many mannfactnrers of such 
goods as luggage and sporting goods often Iniy their leather in this manner, most 
leather cannot he sold until after it ha.s been made, llierefore, tanners must nsnally 
resort to other methods of avoiding virtual 07 vncrship of hides. 

Avoiding Speculation by Contract Tanning 

There are some manufacturers of leather goods who find it to tlieir own advan - 
tage to purchas(‘ the hides themselv(‘s that are to be convmled into the types of 
leather they desirtv They then engage the services o! tanners to convert the hides 
into leather. Although this practice involves only a relatively small proportion 
of the total leather niannfaclured, many tanners take advantage of it as a means 
of avoiding ownvr.sbip of bides an<l the risks involved. 
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Avoiding Speculation by Hedging 

For most of the leather produced, the tanner must buy hides and convert them 
into leather before he can effect a sale. Flowever, just as soon as he buys hides 
to manufacture into leather to be sold at some future time, he has speculated on 
the trend of hide prices; he has bet that hide prices will remain stationary or will 
rise. Hedging is betting so as to offset a bet already made. In order to avoid 
speculation, having made his bet by buying hides, he must simultaneously hedge 
by selling an equivalent amount of hides for delivery at the time he sells his 
leather. Fie does not sell the hides with any intention of making physical delivery. 
The liide Exchange provides him with the means of making and discharging con- 
tracts without involving the physical exchange of hides. 

Physical possession and virtual ownership of hides are two very different 
things. Physical possession is an obvious necessity for anyone desiring to make 
leather, but virtual ownership carries with it the gamble of a fluctuating hide 
market. When a tanner buys hides, he acquires both, but the Flide Exchange 
provides him with the means for retaining physical possession and selling the 
virtual ozvnership. The speculators want virtual ownership, because in that resides 
the gamble, but they do not want physical possession, because they do not make 
leather. 

By keeping future contracts sold to the value of both raw stock and leather 
in his possession, a tanner can not only eliminate the gamble of a fluctuating hide 
market, but he can actually make an assured profit that may be greater than all 
other profits in his business combined. The detailed mechanism of the tanner’s 
selling of hide futures as a hedge will be discussed later in this chapter, following 
the presentation of the Hide By-Laws and Rules of Commodity Exchange, Inc. 

Any exchange on which trading is done in stocks or commodities with fluc- 
tuating values is a temptation to the gambler, and the Hide Exchange is no 
exception. Although tanners buy hides because they must have physical possession 
of them to make leather, many speculators, who have no interest in the possession 
of hides to make leather, buy hide-futures contracts on the Exchange solely for the 
profit they hope to make. Speculation in any commodity is bound to affect its 
market price, and the lure of the Hide Exchange to the speculator with no direct 
interest in hides is very great. Many tanners, particularly those not intimately 
familiar with futures trading, have told the writer that they regard the Hide 
Exchange as harmful to their interests because it invites speculation in a com- 
modity whose market-price variation is already too great to permit tanners to 
operate their businesses with reasonable safety. On the other hand, tanners who 
make continuous use of hedging have told the writer that they consider the Hide 
Exchange essential to them in eliminating or greatly reducing the elements of 
speculation. If the only way for the tanner to escape the speculative risks of a 
varying hide market is to avoid virtual ownership of hides, then a system which 
provides him with the means for shifting the risk to others is worthy of his most 
careful study, even though those who accept the risk may do so in the hope of 
ultimate profit. 

Spot and Futures Trading 

When hides are bought and sold by private transactions involving specific lots 
and grades of hides sold for a definite delivery date, the procedure is known as 
spot or cash trading. Where trading is done on an organized market through the 
buying and selling of standard contracts which call for the future delivery of the 
hides, the procedure is known as jitlures trading. Futures contracts arc the same 
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for all traders; each describes the unit of quantity, the .i>;ra(k‘ <»r .ijrades which are 
deliverable and the place or places where and the method by which delivery shall 
be made. Only the determination of the month of delivery and the price* are left 
open to the contracting parties. The difference between spot and futures markets 
is not one of time of delivery; hides may be bought or sold in the spot market 
for delivery several months into the future, while a transaction in the futures 
market may call for delivery during the current month. The Hide Ifxehange is 
exclusively a futures market. 

Commodity Exchange, Inc. 

In 1933, the New York Hide Exchange con.solidated with other exchanges 
dealing in metals, rubber and silk to form Commodity lfx(dian.{*:e, Inc., a New York 
corporation, serving as a national exchange. The trading lloor is located at (SI 


CourttMV liu- 

luG. 84. Trading at the Hide King on t'onmujdity Exchange, Inc*, Sepleinber 1, ibjq. 

Broad Street in the City of New York. A picture of hide* broktu’s traditig in 
futures at the Hide Ring on Conmio<iity Ifxehange, Inc., is sliown in Mg. 84. d1ie 
division of Commodity Ivxehange, Inc. relating to hi(k*s is still geiu*rally riderred to 
as the Hide Ifxchange, and we .shall u.se the name in that sense. 

Although the Ilide Exchange deals only with domestic steer am! c<>w hides 
and with hrigorifjco hi<les from .South America, it is used for hedging purposes by 
tanners of all kinds of stock oti tlu* theo)ry that maj<n* rises and falls in market prices 
carry with tliem all dasse.s of raw stock. 
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The hide by-laws and rules contain so much important information that every 
tanner should know that they are reprinted here in full with the permission of 
Commodity Exchange, Inc. The reader's attention is called to the fact that they 
are subject to change by amendment from time to time when conditions require. 
The text of the By-Laws and Rules, as it now stands (July 23, 1940), contains 
provisions governing the old contract, which was superseded by the new contract; 
the provisions relating to the old contract will probably be deleted when the 
occasion arises. 


Hide By-Laws 

Hide Trade Committees 

Sec, 801.* Pursuant to Section 123 of the By-Laws, the following Standing and 
Revolving- Committees shall be appointed by the Board Plide Trade Group: 

1. Committee on Quotations for Hides. 

2. Committee on Grading and Warehousing for Hides. 

Committee on Quotations for Hides 

Sec. 802. The Committee on Quotations for Hides shall consist of five registered 
members of the Hide and/or Non-Trade Group of the Exchange, one of whom shall 
retire at the end of each month. It shall report to the Secretary the tone and price of 
the contract market in hides. It shall meet each day, at the close of the Exchange, and 
by a majority vote determine the closing quotations for contracts for future delivery 
and report them to the Secretary. It shall have authority to establish quotations for any 
months in which few or no transactions may have occurred during the Exchange hours 
of that day, and in so doing it shall take into consideration the fluctuations in other 
months during the day and fix the price in harmonious relation thereto. 

Committee on Grading and Warehousing for Hides 

Sec. 803. The Committee on Grading and Warehousing for Hides shall consist of 
thirteen registered members of the Hide Trade Group at least one of whom shall be a 
member of the Board Hide Trade Group and the Chairman of the Committee. Four 
members of the Committee shall constitute a quorum. For the hearing of appeals as 
provided in Section 808 of these By-Laws, a quorurn of the Committee shall consist of 
five members, but in the absence of members essential to constitute a quorum, for this 
purpose, the Vice-President of the Hide Trade Group, or in his absence the President 
of the Exchange, may appoint registered members of the Hide Trade Group as additional 
members of the Committee pro tern for service on the hearing of a particular appeal only. 

The Committee shall maintain an Inspection Bureau to consist of the Inspector-in- 
Chief and such other persons as the Committee shall designate. The Committee shall 
have general supervision over and direction of the Inspection Bureau, subject to the 
Board Hide Trade Group. 

^ The Committee shall investigate all applications for licenses filed by warehouses, 
weighers and employees of the Inspection Bureau, and it shall also investigate all com- 
plaints against licensed warehouses, weighers and employees of the Inspection Bureau 
and make its recommendations to the Board Hide Trade Group in respect thereto. 

The Committee shall have the power to make suitable arrangements for the ware- 
housing of certificated hides and to require the maintenance of proper facilities therefor. 

The Committee shall submit to the Board Hide Trade Group for its approval the 
names of plants producing Frigorifico hides to be placed on or removed from the ofificial 
list, as provided for in Section 825 of these By-Laws. 

The Committee shall have power .subject to the approval of not less than three mem- 
bers of the Board Hide Trade Group to formulate .such regulations, pursuant to the By- 
Laws, for the guidance of the Tnspcctor-in-Chtcf and his employees, and for licensed 
warehouses and licensed weighmasters, and in respect to the inspection, warehousing and 
delivery of hides as in its opinion may be desiralde or necessary. 

Any request f(u* a ruling or interpretation of the By-Laws, Rules and Regulations 
relating to matters incident to the hide contract shall be referred to the Lommittcic, 

* Amendcfl Nov. 28, 19.S.S, June 1, 1935, 

t Amended April 2, 1934, : ; 
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which shall formulate its ruling or interpretation subject to the approval of the Board 
Hide Trade Group and adoption by the Board as a whole. 

The Committee shall have such other powers as arc conferred upon it by the By-Laws, 
Rules and Regulations of the Exchange, the Board Hide d'rade (irotip, or by the Board 
as a whole. 

InspcctorAn-Chicf /or Hides 

Sec. 804. The Board Hide Trade Group on recon iniendation < d' the Committee mi 
Grading and Warehousing for Hides, shall appoint an Inspeclor-inT. hief ior hides. Tlu‘ 
Committee on Grading and Warehousing may appoint an .Assistant Inspector-in -(.hief, 
subject, however, to the approval of the Board Hide Trade Group, 

When called upon to make an inspection of hides, the Inspection Ihirean shall assign 
an Inspector and a licensed weighmastcr to proceed with tlic ins[)ection and weighing 
of the hides. There shall be kept a record of all hides inspeclt'd, of the marks under 
which they are submitted, re-marks, classification, weights and the* month (or months) 
of take-off and date of removal from salt pack, and a record of the name or names of 
person or persons by whom the bides were inspected and weighed, the place and date (d’ 
inspection and weighing, the in.speclion numbers, names of partit's requesting inspeetion, 
store numbers and all other necessary details and also the determination of tlu‘ dist*onnt, 
if any, from standard of the hds in.-ipected for certification for delivery against the hide 
contracts.* 

When called upon to make an insj)cction of hides, the Inspection Ihireau may r(*qnire 
the party offering the hides for certification to submit a complete history of tlu' hides, 
the pack from which they are taken, and any other data which the Inspection Burtsnu 
deems necessary. If the data furnished is not satisfactory, the Inspection Bur<*au may 
refuse to certify the hides. 

The Inspector-in-Chief may appoint, snlfiect to the approval of the rommittee on 
Grading and Warchoasing and of llu* Board Hide 'fradc Group, inspi^ctors and sni‘h 
other employees as he may deem reipusite. 'Fhe salaries of all employei's shall lu* fixetl by 
the Board as a whole. 

Tlie duties of the Inspcctor-in-riiief may lx* peiTtu-uK'd by tin* Assistant Inspector- 
in*Chicf or any other person authorized by tlu* Board IIid<' Trad<‘ Group. 

Request for Ccrtificalwn of Hides 

Sec. 80S.t (a) Any member of the F.xehange desiring tlu* ins{»eetion of hides for 

certification, shall notify tlie In.spection Bureau in writing, stating tlie mimher of hides, 
the location thereof (which place inn.st he a Heensed w%arehonse) tlie grath*. the marks 
or identification thereon, if any, the plant of origin, the month or months of take off, the 
opening and closing dates of the pack, the date or dates when said hid(*s were removed 
from tile original pack and the <late when same will he at the warehouse ready for 
inspection and such other information re<inired by these By-Laws, Knles, K*egnI;uions 
?uk 1 tlie Inspection Bureau. vSueh Ufitices shall Ix* lodged with the neceK^ary <lornments 
in the office of the Taspection Ihireaii not lat<*r than thrtn* oVIoek on the seema! Imsiness 
(lay preceding the day for whic'h tht* inspection is reipicsted. 

(b) The member dc.siring certifuMtion shall deliver to the Inspection Bmasan sncli 
documents as said Bureau may rerptire, 

(c) After receiving a re<iuest for the certification of hides, the InstHniinn Bniean. 
shall, as soon as possible, cause said hides to be inspected and to Ix* weiglied provides! 
that all re(inircments have lusni fulfilled to the satisfaction of tlu* In^tusliMn Bureau, 
When a request for certification and/nr documents have not hct*n pri'srntrd to i!u* 
Inspection Bureau in satisfactory form, the Inspixiion Bureau mav at its discretion 
return the reffuest for cert ifieiit ion. 

(d) The TnstKTlion Bureau shall not be liable for any delav in tlie inspeetinu and 
certification of hides. 

(e) If for any cause whatsiu^ver the huk*s1o lie tn*<'perted are not readv for instiectinn 
on the date designattxl in the request for cfTtifieatInn. the owner of the liid(*s sliull he 
liable to the Inspection Bureau for the loss, if any, caused fiv tlu* delav. Tlu* Inspection 
BnnMti .shall report smdi eas<‘s to the Committ(‘<* on Grading and Warrlionsing which 
shall d<‘! ermine and assess the amotmt of rnoiKw diu* and recpiire its pavment. 

* Aijjrmird April 2, tOU}, Aui;. 1, 

t Anicndt'fl April 2, 10,11. Jujir 1, 10.1,*;. 
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Certification of Hides 

Sec. 8U6. From the inspection made by the Inspection Bureau and/or from the data 
at hand, the Inspection Bureau shall determine if the hides submitted are eligible for 
certification. No hides shall be eligible for certification which are not properly declared 
in the request for certification. The Inspection Bureau shall determine such factors as 
arc required by the By-Law:s, Rules and Regulations in connection with the certification 
of hides. As soon as practicable after the inspection and weighing of the hides is com- 
pleted, the Inspection Bureau shall, if the hides are eligible for certification, issue hide 
certificate in the form approved by the Board Hide Trade Group. The hide certificate 
shall be signed by the Inspector-in-Chief, or any other person designated by the Board 
Hide Trade Group. 

lic-Certification of Hides 

Sec. 807.* Hides which have been certificated may be submitted for recertification 
and subsequent successive recertifications as provided in the By-Laws, Rules and 
Regulations. 

A member tendering hides for recertification shall, not later than the second business 
day after the expiration of the hide certificate, present to the inspection Bureau a request 
in writing for recertification and an inspection order, and shall surrender to the Bureau 
the hide certificate. 

The Inspection Bureau shall, as soon as feasible, cause hides tendered for recertifica- 
tion to be inspected in accordance with such regulations as may be adopted with respect 
thereto. The Inspection Bureau shall not be liable for any delay in the inspection or 
recertification of hides. 

If hides arc found eligible for recertification, in accordance with the By-Laws, Rules 
and Regulations relating thereto, the original certificate shall be endorsed, or a new 
certificate shall be issued, as may be provided by regulation,, and such endorsement 
or new certificate shall extend the life of the hide certificate from the date of examination 
of the hides for such recertification until the end of the twelfth month following that in 
which said examination occurs, provided, however, that if the examination does not take 
place until after the date of expiration of the hide certificate, the life thereof shall be 
extended for one year from said date of expiration. 

If hides tendered for recertification are not eligible therefor, the certificate shall be 
cancelled by the Inspection Bureau. A member whose reeptest for recertification has been 
denied shall have the riglit of review inspection, and appeal, as provided in Section 808 
of the By-Laws, and the Rules and Regulations. 

The charge t for recertification of hides shall be Fifteen Dollars ($15.00) per con- 
tract unit, subject to change by the Board in its discretion. Said charge shall be paid by 
the party requesting recertification and in accordance with the provisions of Section 811 
of the By-Laws relating to original certification, and no part of said charge shall be 
passed on to the receiver on an Exchange contract. 

Appeal from Determination of the Hide Inspection Bureau 

Sec. 808. If the person offering the hides for certification is dissatisfied with the 
determination of the Inspection Bureau in any respect, he may within four (4) business 
days following the receipt of the determination of the Inspection Bureau, appeal to the 
Committee on Grading and Warehousing by filing written application therefor with the 
Secretary of the Exchange, Said Committee shall hear said appeal as provided in 
Section 803. If the Committee deems it advisable, it shall cause another inspection of the 
hides to be made by practical hide inspectors, who are not directly or indirectly interested 
in the matter, and the Committee shall thereupon make its findings accordingly. Upon 
such an appeal, no member of the Committee on Grading and Warehousing shall par- 
ticipate who has any interest directly or indirectly in respect thereto. The Committee 
on Grading and Warehousing $ may affirm, modify, alter or reverse any finding or deter- 
mination of the Inspection Bureau and may thci-eaftcr make its own determination in 
respect to any matter involved in the appeal. The determination of the Committee on 
Grading and Warehousing shall be final. 

The Committee on Grading and Warehousing shall determine what costs, in addition 
to the actual disbursements which have been incurred, shall be borne by the appellant, 

* Adopted June 1, 1935. Amended Aupr. 1, 1938. 

t Charge increased from $15.00 to .$25.00 Jan. 21, 1938. CliarKc redticed from $25.00 to $15.00 
An^p 1, 1938. 

t Amended April 2, 1934. 
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said costs, however, not to be less tliaii $60.00, iiur niorc than $100.1)0 per contraei unit. 
If on the appeal it develops that the Inspection Bureau erred to tlie disadvantaKe of the 
owner of the hides, no charge shall be made again.st the appellant lor the appeal. 

Inspection, Grading and Weighing of Hides 

Sec. 809. The inspection, grading and weighing of hides shall be subject to and 
done in accordance with the By-Laws, Rules and Regulations of the Exchange in force 
at the time of such inspection and weighing. 

Validated Notice on Delayed Ccriificalion or Re-Ccrtijicalion 

Sec. SlO.'l If, upon the date fixed for delivery in the transferable notice, Hide eta* 
tificate shall not have been issued, or in the case of recertil'u'ation, endorsement .shall not 
have been made or new certificate shall not have been issued by the inspection^ Bureau 
for the lot of hides to be delivered pursuant to such transferable notice, the delivery of 
such lot of hides may be made upon compliance with and subject to the ftillowing 
conditions. 

In the case of original certification, such hides slirdl have been delivered to the ware- 
house and in readiness for inspection not later than three o’clock p. m. the secoiul business 
day preceding the issuance of the transferable notice, and properly tendered 1o the 
Inspection Bureau for ccrtificati(m; and in the case of recertification, the re<iu(‘.st for 
recertification shall have been made to the Inspection Buri'an within the time and in the 
manner prescribed by the By-Laws, Rules and Kegmlations. 

If on the morning of llie delivery day specified in the transferable notict* the hide 
certificate covering the hides involved is not ready for delivery when called for, the 
tenderer of the hides shall present to the Inspection Buretui a written notice stating to 
the best of his knowledge and lielief the true grade and iiuality of each individual lot to 
be delivered. If the foregoing requirement.s sliall have been coinpliod with, tin* Ins])ec- 
tion Bureau shall cau.se to be written or .stami>ed on such written notici* a statement 
validating it for use in the tender only on the siiecified delivery <iay of tlie hides covered 
thereby pending the issuance of hide certificate in accordance with these By-Laws. The 
tenderer shall, on the specified delivery day, deliver such notice to the rereiv<*r of tlie 
hides, together with the warehouse receipts and such other papers as may he nec(*ssary 
to the delivery of the hides on such day. 

The member making the tender .shall deliver the covering hide certificate to the 
receiver of the hides before the close of business hours on the day folh»wing tin* <iate 
of the issuance thereof. 

Charges for Ccrtijlcation of Hides 

Sfx. 81L* The charge for in.spection and certification of hitles shall be Thirty Dol- 
lars ($30,00) per contract unit for tlie initial inspection and certification of hides; Imt in 
addition thereto the Inspection Bureau may impose additional charges under such cir*' 
cumstance.s as may be jirovidcd for by regulations. 

Where a request lor certification is witlulrawn before the Inspi’ctiou Bureau has 
commenced the inspection of tlie hide,s, a charge of $10.00 sliall be m:id(‘; in all otlier 
cases, where a request for certifieation has been made, the full ehargv provided for in 
the preceding paragraph hereof shall be imposed. 

The charges herein provided may be varied from time to time liv the Board, 

The Inspection Bureau shall render monthly hills to the metnlier at whose minest 
said services were rendered, and shall furnish duplicates thereof to tlie 'freasurer of the 
Exchange. Any failure to pay the amount billed within one wwk from tlie date on 
which the bill was rendered sliall be reported to the .Snpervistjrv Lommittee. 

The In.spection Bureau shall colleef and turn over to the 0'reasnr<’r of tlie h!x<iiange 
all sums collected uiuler this Section and the Treasurer shall keep a si’parate account 
thereof. 

Promslons in Respect to Hide Certlftcates 

SEC.t ^ On hkle.s which are eligible for eertirieati«»ii : 

(1) I he initial life of the Hide certifu'ate shall run for |M*riod of tw‘o years from 
date of removal of the hides from original salt pack, and sliall rontinne thereafter until 
the last day of the month in which the date of c.spiration falls. (In the t*ase of ‘‘South 

t Amender! Aug, 1, 19SR. 

* Amerulol Aug. I, 39.18. roliu'^’d from $60,00 to $.30.00 Aug, 1, I9IH, 

$ Adupled April 2, 1914. Ainc«<i<*d June 3, 391.% Aiig. 3, I91B. 
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American” hides, removal from original salt pack shall mean original pack in the plant 
of origin). 

(2) The Hide ccrtihcate shall be conclusive evidence of the grade, weight and other 
factors therein specified until its expiration. 

On hides which are eligible for recertification : 

(3) ^ The Hide certificate shall be extended by endorsement, or a new certificate for 
the period of recertification may be issued, as may be provided by the By-Laws, Rules 
or Regulations. 

Exchange of Hide Certificates 

Sec. 812 a. C ertificates which are outstanding at the date of adoption of this pro- 
vision may, under the following circumstances, be exchanged for the new form of cer- 
tificate to be issued after the adoption of this provision, and in such cases the applicant 
for such new certificate shall surrender the outstanding certificate to the Inspection 
Bureau, which shall make such examination of the hides as it may deem proper : 

(1) If, at the date of application for exchange, the hides certificated shall have been 
out of original salt pack for less than two years from end of month in which they were 
removed from salt pack, the new certificate to be issued in exchange for the outstanding 
certificate, sliall expire at the end of the twenty-fourth month following that in which the 
hides were removed from original salt pack. 

(2) If, at the date of application for exchange, the hides shall have been out of salt 
l)a,ck for more than three years from end of month in which they were removed from 
salt pack, and have f)een reccrtificatcd, the new certificate shall expire at the same time 
as the old certificate in exchange for which it is issued. 

(3) Tlie charge for an exchange of certificates as provided in paragraphs 1 and 2 
above shall be $5.()0 per contract unit. Said charge shall be paid by the party requesting 
the cxcliange of certificates and no part of said charge shall be passed on to the receiver 
on an I'.xcliange contract. 

(4) If at the date of application for exchange, the hides shall have been out of 
original salt pack for more than two but less than three years from end of month in 
which they were removed from salt pack, an outstanding certificate may be exchanged 
for a new form of certificate only upon recertification of the hides in accordance with 
the provisions of Section 807 of the By-Laws, and in such case the new certificate shall 
ex]nre at the end of the twelfth month following that in which examination for recer- 
tification occurs, as provided in said Section. 

(5) In any case where hides have been out of original salt pack for more than two 
years from end of month in which they were removed from salt pack the holder of the 
outstanding certificate may apply for recertification of the hides pursuant to the pro- 
visions of .Section 807 of the By-Laws and in such case the new certificate shall expire 
at the end of the twelfth month following that in which examination for recertification 
occurs, as provided in said section. 

(6) Tlie Inspection Bureau shall not be responsible for any delay in the issuance of 
the new form of certificates. 

Liniilaiions on Delivery of Certificates against 
**New'' and **Old'* Contracts 

Sec, 812 B.* Hide certificates outstanding at the date of adoption of this provision 
shall be valid for delivery only against the “Old Standard Contract.” Hide certificates 
issued in the new form after the date of adoption of this provision shall be valid for 
delivery against either the “Old Standard Contract” or the “New Standard Contract,” 
provided, however, that Hide certificates in the new form shall not be tenderable for 
delivery against the “Old Standard Contract” if such certificates are for hides which 
luive been out of original .salt pack for more than five years from end of month in which 
they were removed from salt pack, or are for lots of any of the following grades, viz: 
Native Cow.s and Steers (all weights) ; Branded Cows and Steers, (all weights) ; Pacific 
Coast Native and Branded Cows; Pacific Coast Native and Branded Steers. 

Cancelled Hide Certificates 

Sk('. 813. If by reason of an appeal it .shall be determined that tlie specifications set 
forth in the hide certificate .shall be changed, .such certificate shall be cancelled and there 

t AdopU'd Au'.r. 1, 19.18. 

* Adopted Aipp 1, PM8. 
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shall be issued in lieu thereof a new certificate showing the change as determined on 
such appeal. 

Lost Hide Certificates 

Sec. 814. Upon the written request of the last holder of valid hide certificate 
and a showing to the satisfaction of the Inspector-in-Chief who issued such certificate 
that it has been lost or destroyed, and, if lost, that diligent ellort has been made to find 
it without success, and upon satisfactory proof to the Inspcctor-in-Chief that the^ hides 
covered by said certificate arc in licensed warehouse, a new certificate shall be issued 
without the re-inspection of the hides. Such new certificate shall bciir the same number 
and date of issuance as the lost or destroyed certificate, and shall include a statement 
to the effect that it is a duplicate issued in lieu of the lost or destroyed original, as the 
case may be. 

Storage and Transfer of Certificated Hides 

Sec. 815, Certificated hides shall be stored only in warehouses, licensed as pro- 
vided in these By-Laws, and may be transferred from one warehouse to another under 
the direction of the Inspection Bureau. 

Any hide certificate shall become invalid for use in tlu; tender or delivery of the hides 
covered thereby whenever such hides shall be removed from the place of storage speci- 
fied therein, except when it is handled and re-st'ired or transferred to a dilterent place 
of storage under the supervision of the Inspection Bureau. 

For purposes of delivery of hides upon contract by warehouse reccijds, one ware- 
house shall be understood to mean a single warehouse; or, a nnml)er <»f contiguous ware- 
houses comprising one system of warehouses under one name or management ; or ware- 
houses or systems of warehouses that arc in juxtaposition to each f)ther, though l>earing 
different names, when such warehouses arc adjoining and contiguous to each <tlher and 
are all managed or oiicrated l)y one warehouseman. 

Licensed Udarchouses for Hides 

Sec. 816. ^Warehou.ses may be licensed for the storage of hides upon the reeom- 
mendation of the Committee on (trading and Warehousing au<l with the aiH>rovaI of the 
Board Hide Trade Group. The Board Hide Trade Grottp sliall fix the term of the 
license of all warehouses. 

TJeensed warehouse.^? .shall give .sueh lK)nds to the Ivxcliamu* as may h<‘ required 
by the Boarrl Hide Trade Group. 

Each warehouse ^.shall ftirnish to the Secretary of the Exchange daily a list of all 
certificated hides delivered to and removed from tlu* warcdinuse (ni the |jr('vio!is day. 

ll^arehoitsc Receipts for Hides 

Sec. 817. After the hides have luaui pla(’ed in a lieensed warehouse, negotialde ware- 
house receipts stating the. lot ruimher, the marks on the hides am! the number of Itides 
in the lot .shall he immediately issued to their owners. Retadpts sljall he lelfere<l or num- 
bered con.scrutively by each w.arebouse atid no two lareipts shall bear tlie same letter 
or number. No receipt shall he isstaal for more than or I(‘ss than one contract tmit. 

IJeensed JVeighnmsters for Hides 

Sec. 818. Official weigbmasters shall l)c licensed by flic Ifinard Hidi* 'Frade (irotip 
as follows : 

Every application .shall be addrc.ssed to the Bfxird Hide Trade Group and indrrrsed 
hy two registered inember.s of the IH<le Trade Grotip of the Exchange. Said applirati«)n 
sb.all thereupon he referred hy the Board Hide Trade Grrmp to the Gommittec on Grading 
and Warehousing, wliich Committee .shall investigate the* eljaracter, qtialifieatirms aial 
responsibility of the applicant and report to the Board Hide Trade Group. 

Tf the application for a liecn.se be approved by tli(‘ Board Hifle Trarle Groiqi. a 
license shall be i.ssued, wbirli license shall f)e signed’by the Vice-Prcsidejit (tf tin* BoarfI 
Hide Trade Group and the Secretary of the Exchange, 

Any license issued as above provided may be cancelled by the Board llid(* Trad'* 
Group at any time, by a notice in writing stating the intent ioii to cancel, given by the 
blxc'Iiange to the weigl unaster. 

Delivery Points for Hides 

Sec. 819. The d(‘1iverv of hides on Exchange eonfract.s shall be made only fr(»m 
lieensed warcliouses loeaUxl in the City of ('hieago, Illinois; in the Bt»rt of New York; 
and in addition thereto, at sttch other deliv<‘rv poitits as the Board Hide Trade Group 
may designate. The dcsi,!»nat<‘d delivery ttoints may Ih' added to (tr eliminated at the 
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discretion of the Board^ Hide Trade Group, subject to the approval of not less than 
three members of the said Board, after notice to members ; said notice shall fix the time 
when such changes shall become effective for delivery. There shall be no charges or 
allowances made for freight adjustment on any deliveries. 

Definitions and Construction in Respect to Hides 
Sec. 820. Whenever used in these By-Laws or Rules, unless the context otherwise 
requires, the following words and expressions in respect to Hides shall be defined as 
follows : 

Class — 'Wherever referred to in the By-Laws, Rules, or Regulations, the term “class'’ 
shall be deemed to include the following: Native and branded steers and cows, 
Colorado steers, Texas steers, Butt branded steers and Frigorifico steers, Frigorifico 
light steers, Frigorifico extreme light cows and steers, and Frigorifico cows. 

Cured — Put in state of preservation through chemical action of salt. 

Cut — An incision through a hide beginning on the flesh side, usually made by a knife in 
the process of flaying. 

Deed Score — A score that may be punctured by a skewer through the hide. 

Grade — Whenever the word “grade” is used in the By-Laws, Rules, or Regulations, the 
same shall be understood to be inclusive of class, sub-class and selections. 

Score — A slight cut or incision in any part of the hide which does not entirely perforate 
it. 

Seasonal Period of Take-off — Wherever referred to in the By-Laws, Rules, or Regula- 
tions, the term “seasonal period of take-off” shall be deemed to refer to a single 
month or group of months for which a single differential has been fixed in the 
By-Laws. 

Selection — Wherever referred to in the By-Laws, Rules, or Regulations, the term 
“selection” shall be deemed to refer to the No. 1 or No. 2 qualities of each class, sub- 
class and grade. 

Selection Factors — Wherever referred to in the By-Laws, Rules, or Regulations, the 
term “selection factors” shall be deemed to include the characteristics as specified in 
the last column entitled “Selection Factors” in the tables in the By-Laws. 
Svuj-Class — Whenever referred to in the By-Laws, Rules or Regulations, the term “sub- 
class” shall be deemed to include the following ciiaractoristics : I;cavy, light, extra 
light and all weights. 

Extension of Credits for Hides 

Sec. 821.* Tlic extension of credit to a customer in connection with the purchase 
and/or sale of Hides on the Exchange when permissible under Section 411 of the Gen- 
eral Trading By-Laws, shall not exceed a maximum of $1,000.00, irrespective of the 
number of contracts. 

Commissions, Floor Brokerage and Charges on Hide Contracts 
Sec, 822. t The following rales of Commissions, floor brokerage and charges are 
the lowest that may be charged on each contract for future delivery of hides : 

(a) For members of the Exchange residing within the United States and 
Canada ; 

Commission for 

Based upon a price Buying or Selling 

Below 10c per pound $7.50 

10c per pound and above 10.00 

(b) For non-members residing within the United States and Canada double 
the above rate of commission shall be charged.^ 

(c) For members and non-members residing outside of the United States and 
Canada, a commission of $2.50 shall be charged in addition to the above rates. 

(d) For each contract bought or sold by one member for another, giving up his 
principal on the day of the transaction : 

Floor Brokerage for 

Based upon a price * Buying or Selling 

Below IDc per pound $1.75 

10c per pound and above 2.00 


* Amended Jan. 26 , 1940. 
t Amended April 2, 1934. 
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(e) Two dollars for each contract bought and sold wliere one M|eniber tdears 
for another member transactions made or initiated during tlie day it.y liiin pcrsonidly 
or for his account while present on the floor of llie lixchaiige. No nuanber shall 
be entitled to the privilege of clearance of contracts tor his account, unless the 
purchase and sale were personally made by him, or the transacUons were initiated 
and the orders both of purchase and sale were given by lum while actually present 
on the floor of the Exchange, The foregoing clearance charge is exclusive ol floor 
brokerage. 

(f) Upon the delivery or receipt of hides or when a coiilract is^ settled l)y 
giving or receiving a transferable notice in fulflllinent thereof, a couunission sluall 
be charged and paid in addition to that above provided for the purcliase or sale ol 
the hides and shall be not less than said purcliasc or sale eoirirnission. 

(g) {Deleted 6JlJ36),t 

Hide Contract for Tuiure Delivery 

Sec. 823.* All contracts for future delivery of hides shall he in tluy folhnving form 
for either the “Old Standard Hide Contract” or the “New Standard Hide t ’ontract.” 

COAfMODTTY EXCHANGK, INC 
STANDARD IIIDT CONTRACT 

New York. N. Y ,19 

A. B. Iiavc this day and agrce<l ‘11), (KK) potitsds of Wet 

sold deliver to * 

Salted Hides (5 percent more or less) at the price of cents per pound 

for Standard No. 1 IJglit Native Cows July, August or Septemlier take oil, witli 

additions or deduclions for other grades and factors, as provided in the By-l.aws, Khih's 
and Regulations of ('ommodity Exchange, Inc., deliverahU* from licensed warehouse 
in * 

IN lint of Delivery 

betweem the first and last delivery days of 

inclusive, at^the seller’s option, upon notir<‘ to Iniyer as |)rovi<led by tlie By l-aws, Rules 
and Regukitions of Commodity Exchange, Inc. 

^Either iiarty may call for a margin, as the varititions of the nitirket for like 
deliveries may wMrrant, wliicli margin shall 1 h‘ kei»t good. 

This contract is made in view of, and in all respects snhject to the B*y Laws, Rubes 
and Regulations of Commodity Ivxcliange, Inc. 

For and in consideration of One Hollar ($1.00) to tin* imdersigraMi, in hand jiaid, 
receipt whereof is hereliy ru'knowledged, the undersigneil accepts this confrad with till 
its obligations and conditions. 

Verbal contracts (which shall always he presumed to have been m.ule in the 
approved form) shall Iiave the same .stanriing, force and eilect as written ones, if notii'c 
in writing of .such contracts shall have been given by one of the parties thereto to the 
other party dnring tlie day on wliidi sucli contract wits mado. 

Trading in the “New Standard Hide Contract” shall commence at the opening of 
trading in hkle.s on the first day of Aiigust, 1938, arul the first delivmyv mmith for which 
contracts may he traded .sliall be Seidemlier, 1938.** 

In all trades made for tlie future delivery of liides, memfiers shall specify wheth(*r 
said trades are in resfiect to the “New Standard Contract” or the “Old Standard 
Contract.” 

All F^y»Laws and Rub*s Iierein contained relating to hides shall a|»|ilv to both the 
‘Old Standard Contract” and the “New .Standard Coniraet,” unless otiierwlse spirifirallv 
provided. 

Tcnderablc Grades of Iflde^ 

Snr. 82l.t liides t<*nderahle against ComiufKlitv Icxeliange, Inc.. “Old Standard 
Hide Contract” or “New Standard Hide Contract” ‘shall lie certhicatefl under one of 
tlie gradvs erinrnerated in Section 8.15, subdivision (9), In eac’h iiBtanee the lot offered 

t Amfna.d Junt* 1, 

* Adopfrd April 2, 1934. Aiiifinlrrl Aue. I, PDH, 

Ailojru-.l Aur. 1, less. 

t AdopfrtI April d. 1934. Aniciulftl Amu h IW8. 
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for certification shall be in good, sound merchantable condition, and shall conform to the 
requirements of the ilv-Laws, Rules and J'tegulations of the Exchange relating to the 
grade of liidcs tendered. 


Specijications for Deliverable Hides 

Sec, 825.^ 

( 1 ) STANDARD OF QUALITY AND TAKE-OFF 

Hides which conform to the standards of quality and take-off maintained by pro- 
ducers employing expert butchers and flayers and which conform to the specifications 
provided in the By-Laws, Rules and Regulations of the Exchange in respect to flaying, 
trim, pattern, cuts, scores, selections, curing, grading and delivery, and hides superior 
to the foregoing, shall be certificated as standard. A contract unit of hides which is 
inferior to a standard unit of the same grade shall be eligible for certification provided 
the value of sucli unit, in the judgment of the Inspection Bureau, is not moire than 
one and one-half cents per pound under the value of a standard unit based upon a fair 
average market level for hides. In each instance the Inspection Bureau shall indicate on 
the liide certificate tlie amount of discount, if any, from standard for the particular lot. 
The discount from standard shall be determined by the Inspection Bureau in accordance 
v/itli Regulations that may be adopted from time to time. All questions relating to 
certification shall be subject to appeal as provided in Sec. 808 of the By-Laws. In the 
event of any change in tlie method of determining such discount, such change shall not 
l,)e deemed to affect the grade or quality of hides to be delivered, or the amount of money 
to be paid upon outstanding contracts. 


( 2 ) ORIGIN 

Domestic Hides shall be tcnderable only if they have been taken off in establishments 
in the United States of America, from cattle slaughtered within districts designated by 
the U. S. Government as “free from ticks” (and including hides produced in Canada 
of the same character and description). The Inspection Bureau may require documentary 
liroof of origin as a condition for certification. Hides shall be eligible for certification 
wliich are tlie output of one or more cellars (or floors) of one producing plant in a 
single city, or the take-off of more than one abattoir in a single locality under joint 
or cooperative arrangements between the producers for salting in a single cellar in 
collective packs in an original run as to their collection fron'i each producer. Such 
cooperative arrangements shall be subject to the approval of the Committee on Grading 
and Warehousing, and the hides so produced shall not be eligible for certification unle.ss 
the cooperative producing plant is an approved cooperative plant at the date of certi- 
fication. 

In respect to South American Hides, the same sliall be eligible for certification 
only if produced at one of the idants named in the official list of approved plants on file 
witli the Secretary of the Excliange, Sucli list shall be subject to the control of the 
Board Hide Trade Group, and names may be added to, or removed therefrom, and 
grades enumerated in Sul)division (9) of this section produced therein may be included 
or excluded from eligibility for certification upon the recommendation of the Com- 
mittee on Grading and Warehousing, with the approval of not less than three (3) mem- 
bers of the Board Hide Trade Group. If a name shall be removed^ from said list, or if 
a grade produced in an approved plant shall be removed from eligibility for certification, 
the hides produced in such plant, or said grade, as the case may be, shall be eligible for 
certification for a period of three months thereafter, provided said hides otherwise con- 
form to the specifications and requirements of the By-Laws, Rules and Regulations of 
the Exchange. Such additions or exclusions shall not be considered as affecting the 
amount of money to be paid or the grade or quality of liides to be delivered, or altering 
the monetary value of outstanding contracts. At anv time tlic Committee on Grading 
and Warehousing, with tlie approval of the Board Hide Trade Group, may require that 
South American Hides sliall he accompanied by such documents as to origin as may be 
dc'crncd desirable. 


( 3 ) ORIGINAL RUN 

All lots tendered for certification must he in tlieir original run. 

( 4 ) CURE 

Domestic Hides shrdl lie delivered out of first salting only. They shall he. cured 
with good rock salt, in properly built packs, in well regulated cellars (or floors) snitalily 


t Adoi)1c(l Ai.ril 2, 1934. 
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equipped and inaintaincd ; or cured l)y proven and accepted methods of brining ()r 
special cure. If cured only in salt pack, the miiiinnini time of curing shall lie tliirty 
days from the closing date of the pack. Cows and steers may he salted together. _ i'.xcept 
iti the case of “Pacific Coast” Hides, if In'anded hides are salted with native hides tind 
are not separately marked when put into pack, the charge for inspection for ccrtihcatioii 
shall be double the prevailing charge. 

South American Hides shall be cured and delivered in accordance with the accepted 
and approved standards prevailing at the point of origin. 

(5) TAKE-OFF 

Hides to be eligible for certification shall be well flayed by expert butchers or skin- 
ners, with cuts, scores, knife marks and other delects not in excess of the allowances 
provided in the By-Laws, Rules and Regulations. 

(6) TMM 

Hides to be eligible for certification shall be trimmed as lollows: Devyclaws, <‘xcc.ss 
fat and meat, cars, snouts, lower lips, and any other ]>ortion ot the animal which is 
removed in accordance with accepted standards .shall lie- triinmed in the green state 
prior to salting. Hides shall further be substantially free from sinews, eut or split 
shanks or cut or split heads. 

(7) TAKE-UP 

Hides must be taken up from original packs of one prodtieing plant and suhniitteil 
for certification in lots within the limits of one c<»ntract unit. Lach lot shall consist of 
one grade of hides, as defined in .subdivision (9) hereof, except as otherwise specially 
provided in the By-l-aws, Rules and K’egnlations. iLacli lot shall consist of the take-off 
of not more than two successive seasonal iieriods, as provitU-d in the By-Laws, Rides 
and Regulations. Hides shall he taken-u]) at the pnKlucing jilant on such selected basis 
as is required in the By-Laws, Rules and Kegulations. Domestic hides must he shi][)ped 
direct from producing plant to Lxchange lici'used warelnnise. 

All necessary details in respect to seleclimis, tare allowanct‘s and other factors shall 
bo indicated on the producing plant’s weight notes or by separate anlhentieate<l statement 
of the producer. The metlKKls to lie used in determining graile, cure, test wcaglits, allow- 
ances for moisture, condition, manure, grubs, warts, or other factors as specified or 
required in the By-l/aws, Rules and Regulations, shall h<‘ in accordance with the 
accepted cii.stom.s and standards prevailing at the lime the hides ate offered for eer 
tification. 

(8) ACJE IJMrrAT10N.S 

No Domestic Hides shall be eligible for certification which have been in original 
salt pack (when cured only in salt pack) for less than thirty days after the closing date 
of the pack; or whicli have been in pack for ukut than eighty days after the dosing 
date of the pack; provided howiwcr, that the hides shall not have I>een in paek \vhi‘'h has 
been in tlie making for more than sixty days. After hides have Iieen taken «>nt (jf pack, 
they shall lie promptly placed in licensed warehouse; and transport.ation to lieiuiscMl 
warehouse sliall lie direel and unbroken. Hides in licensed wardiom-o must lu' sufuniltcd 
for certification not later than 90 day.s after date of removal from salt pack. 

No South American Hides .shall he eligible for eertification, whidi have been in 
original salt pack in plant of origin for le.ss than twenty one days after the dosing 
date of the padv (under the present 1>rimng and curing method): or which havi* been 
in such .salt pack for more than eighty days after the dosing datt‘ of the pack; provided 
however, that the hides shall not have been in pack that has Iieen in the making lav more 
than thirty days. After hides have been Iniuli'd in the United .States they shall be 
promptly placed in licensed warehou.se and transiiortation to licenced warehouse shall 
i)e direct and unbroken. Hides in licensed warehouse must h<‘ suhmitteil for ctalification 
not later than ISO days after date of removal from f>rigittal salt pack. 

The Inspection Bureau shall determine the date of the opening of the |iaek, tlu* date 
of the dosing of the pad<, and the dale when the hides wi're remov<‘d from the pack. 

Domestic Hides cured by proven and accepted methods of brining or special cure 
must conform strictly to such methods. 

South AmeriiMu 'Hides shall !)e deemed cured liy speda! cure. 

(9) DKLIVEKABLK GRADES AND DK.SnURTION 

Hides shall be graded and selected in aeeonlanee with the following table: 
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DOMESTIC 


Grade 


Description 


Light Native Cows 


Ex“ligiit Native 
Steers 


Native Steers 


Ihitt lirancled 
Steers 


Heavy Texas 
Steers 


Ligiit Texas 
Steers 


Itx- Light Texas 
Steers 


C‘< dorado Steers 


Unbranded Cow Hides 

23 to 53 lbs. and may contain Ex-Light Native 
Steers — 23 to 48 lbs. 

Unbranded Steer Hides 

23 to 48 lbs. 

Unbranded Steer Hides 

Heavy — 58 lbs. and up 
Light — 48 lbs. to 58 lbs. 

.Steer Hides being branded on the butt area 
(back of break in flank) 

Heavy — 58 lbs. and up 
Light — 48 lbs. to 58 lbs. 

Steer hides branded on either side or butt and/or 
both sides and butts, but of compact, narrow, 
dose pattern and plump. 

58 lbs. and up 

Description same as Heavy Texas Steers 
48 to 58 lbs. 

Description same as Heavy Steers. 

23 to 48 lbs. 

Steer hides branded on either side or butt and/or 
both sides and butts 


Heavy — 58 lbs. and up 
Lig-ht— 48 lbs. to 58 lbs. 

Unbranded Cow Hides 

53 ll)s. and up 

branded Cow Hides 

All weights (23 lbs. and up) and may include 
branded EX- LIGHT STEERS, 23 Jo 48 lbs. 

Unbranded Cow and Steer Hides 


All weights (23 ll)s. and ui)) 


The .standard of take-off for this grade may in- 
Applicable only dude a greater proportion of cut hides than the 
ia hides dcliv- stand*ard for the above-mentioned grades, but a 
cred (ujainst ihe standard lot shall not ctjiilain more than 5% cut 
*‘()ld Slaiidard hides and/or a greater proportion of scores, 
Contract’* knife marks, or other defects than is customary 

in a take-off containing said maximum |)ercent-- 
age of cut hides. 


Ik'avy Native 
C‘ows 


branded t'ows 


Native Cows and 
Steers 

(All Weights) 
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Grade 


Dehcriition 


Branded Cows and 
Steers 

(All Weights) 


Branded Cow and Steer hidc‘S 
All vv'ciglils (23 lbs. and ni») 


rc : ‘'Old StaJid- \ Same standard of take-olT as ])rescribed fnr 
ard Contract” j Native C«)\vs and Steers (.Ml Weights) gra<U‘, 


“Pacific Coast’’ Native and Unbranded and Branded Cow hides 

Branded Cows - 

Produced in I'dants known in die trade' as West 
C'oast plants. 

All weights (23 lbs. and ni>) 

rc: "Old Stand- $ Satne standard of take off as presn-jluMl lor 
ard Contract” ( Native ( *ows and Steers (All Weights) gra<le. 


“Pacific Coast” Native and Unbranded and lirandetl Steer hides 

Branded Steers 

Prodiu'ed in ]»Iants known in the trade as W t‘si 
(Mast ])lants. 

All wciglils (23 lbs, anrl up) 

rr: "Old Stand- ( Same slandanl of take off as prescrilnal f*»r 
ard Contract” I Native ('ows and Steers (All Wtdghts) grade*. 


W^eights spee,ifie<l iti this table are net after deduction of lure 


Grade 


“Frigorifu'o” 
Ivxtrcnie IJglit 
Cows and Steers 


“hd'igorifieo” 
(J< )WS 


“I^dagorifieo” 
Heavy Steers 


“Krigorhiia.” 
l.ight St<*ers 


SOUTH AMF.RK AN 

1 )KSi 'HI e‘I ION 

Usual Id'igorifico Standard 

Sljitiping range H to IH kos., with mUKiniiini 
shipping range of 16 kos. 

No seleetion for weiglitn .shall he inadt* within 
tin* range of the park as salted. 

Ustial b'rigorifico Standartl 

Shipping range 18 kos. and up 

Usnal bVigorilieo Standard 

Shipping range 22 kos. ami up 

Iksual hVigorifteo Standard 

Shipping range 17 to 23 kus. 
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(10) SKi;l-XT10N AND SELECTION FACTORS FOR DOMESTIC HIDES 


(!()lora<lo 

Steers 


Ijranded 
( 'ovvs 


(a) Selection and Selection Factors for Domestic Flides shall be 
as follows: 

No. 1 Selection comprises hides which are: — 

Sound and fully cured 
Standard pattern 

Free from cuts or holes through the hide 
Free from slips 

Free from warts; except as otherwise provided in subdivision 

(d) hereof 

Free from sores, scabs or rubs, damaging to grain 

Free from a deep score in the body of the hide 

Having less than 5 grubs, either open or which can be skewered 

(b) No. 2 Selection comprises hides which are: 

Free from warts; except as otherwise provided in subdivision 

(d) hereof 

Hides wliich will not grade into the No. 1 Selection, but which 
qualify within the limits of a No. 2 Selection, as generally 
accepted in the trade 

(c) Hides which are inferior to No. 2 Selection and/or hides affected 
l)y the following characteristics are not tenderable for certification, and 
must be removed before a lot is offered for certification. 

a. Hides damaged by warts in excess of such as will grade into 

No. 2 Branded selection. 

b. Hides affected by contagious disease. 

c. Glue or fallen hides. 

d. Worm-eaten hides. 

e. liides damaged by other causes. 

f. Lots salted down with an excessive amount of previously used 

salt shall not be eligible for certification. 

(cl) The following grades shall be subject to the above selection 
specifications with the modifications set forth below: — 

No. 1 Selection may include Native Steers having warty damage 
not exceeding a portion in size of an ordinary brand. 

No. 2 Selection may include any Branded Steers having warty 
damage not exceeding in size that of an ordinary brand, or 
Native .Steers having warty damage not exceeding in size 
that of two ordinary brands. 

No. 1 Selection may inducle Native Cows damaged by warts in a 
portion not larger than that of an ordinary brand. 

No. 2 Selection may include Native Cows damaged by warts, in 
a iiortion no greater than tliat of two ordinary brands, or 
a Branded Cow having warty damage no greater than tliat 
of one ordinary brand. 


Branded Cows and Steers 
(All Weights) 

“Pacific Coast” Native and 
Branded Cows 

“Pacific Coast” Native and 
Branded Steers 


Same exception as set forth herein for Branded Cows 
and Colorado Steers respectively. 

Same exceptions as set fortli herein for Ikanded C'ows. 


Same exceptions as set forth herein for Colorado Steers. 


Basis Gr'ade 

Si'X:. 826.*** Contracts entered into on the Iixchangc shall l)e deemed to be for Stand- 
ard No. 1 Ligiit Native Cows-— July, August or September take-off.^ The seller shall 
have tlic option of delivering any one of the tenderable grades specified in Section 825 
subdivision (9) of tliese By-Laws, at the differentials fixed in the By-Laws wUh adjust- 
ment for otlier seasonal periods of take-off, as provided in Section 828 and Section 829 
of these By-Laws, and witli adjustment for quality, tare, selection, special factors, weight 
and trim, as provided in tlie By-Laws, Rules and Regulation.s. 

* Adopted Apidl 2, 1934. 
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Contract Unit 

Sec. 827.’*' In the fulfillment of every contract, the seller must deliver a certificated 
lot of 40,000 lbs. (5 percent more or less) of hides of one grade, except as otiierwise 
specifically provided in the By-Laws, Rules and Regulations. 

Differentials 

Sec. 828.^ For Domestic Hides, the differentials set forth in the following table 
are fixed between the Standard basis grade and the Standard resiiective gu’ades - 
August or September take-off. For South American Hides the differentials are fixed 
between the Standard basis grade and the Standard respective Soiilli American grades — 
December, January or February take-off. 

Premium Grades 

“Frigorifico” Heavy Steers — premium Li cents per pound 

“Frigorifico” Extreme 

Light Cows & Stecu's -- premium k cent per pound 

“Frigorifico” Cows — premium A cent per pound 

“Frigorifico” Light Steers —premium i cent per pound 


Grades Deliverable at the Basis Price 

Light Native Cows 
Ex. Light Native Steers 
Heavy Native Steers 
Fleavy Butt Branded Steers 
Heavy Texas Steers 


— Basis 

‘ - No ])remium or discount 
No premium or discount 

No premium or discount 

'No i)remiuni or discount 


Discount Grades 

Heavy Colorado Steers 
Branded Cows 
Heavy Cows 
Light Texas Steers 
Ex. Light Texas Steers 

Native Cows k Steers - 

(all weights) 

Branded Cows & Steers— 
(all weights) 

“Pacific Coast" Native & 
Branded Cows 
“Pacific Coast" Native k 
Branded Steers 


- cliscmint 
discount 

- • di.scuunt 

- discount 

diseoimt 

il cent 
h cent 

4 cent 

4 cent 

4 cent 

per pound 
per pound 
l>er iiouud 
per 1 round 
IKU* pound 

- - discount 

4 rent 

per pMimd 

- diseotml 

1 cent 

IHT |H>Ulld 

discount 

1 1 cents per i>< »und 

- ' discount 

l-i cents per pound 


Adjustment for Seasonal Per ml of Take-off 

Sec. 829.* 


(1) In respect to Domestic Hiile.s the take-olT <jf seasonal periods oilier than 
July, August or September take-off, .shall be adjusletl liy dedm-ting i'r«»m the net weiglit 
ol the lot tendered for certification after adjustment for tan* and trim, if any, a |H*r 
centage thereof upon the basis set forth in tlie following table: 


Period of Take-off 

J uly ugiist St*i )ten il )(‘r 
( h:t()hir 
November 
1 k‘ceml)(‘r 
j anuary 

Felirnary Marcdi 

Afiril 

May 

June 


Percentaac IPcltfht 
Ih'ducfion 

None 

PF 

5% 

7C. 


t AfPnad Aiirtl 3, 1034. 
t Ad<n>t<*d April 2. 1934. 

* Adojited April 2. 1934. 
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(2) In respect to South American Hides, the take-oflf of seasonal periods other 
than December, January or February take-off, shall be adjusted by deducting from the 
net weight of the lot tendered for certification, after adjustment for shrinkage and tare, 
if any, a percentage thereof upon the basis set forth in the following table: 


Percentage Weight 

Period of Take-off Deduction 


December — January — February 

None 

March 

2% 

April 

4% 

May 

5% 

J une— July — August 

7% 

September— October 

5% 

November 

Z% 

(3) Each group of successive months carrying a separate percentage of adjust- 


mcnt shall be considered a single seasonal take-off period for the purposes of these 
Ily-Laws and Rules. 

Discount for Special Factors 

Sec. 830.><‘ 

(1) On deliveries of Domestic Hides the seller shall make an allowance to the 
buyer of Ic per pound for all hides of No. 2 selection (including grubby hides) contained 
in tlic lot, within the limits of an original run, as provided in these By-Laws. 

(2) On deliveries of DomCvStic Hides, an allowance of ic per pound shall be 
made by the seller to the Ixiyer on all cut throat hides contained in the lot, provided 
however, that in respect to hides originating in plants which are approved by the Grading 
and Warehousing Committee and where it is customary to deliver cut throat hides, the 
allowance of ic per pound for cut throat hides in the lot shall not be imposed, and the 
Inspection Bureau shall indicate on the Hide Certificate that the lot carries no allowance 
for cut throats. 

(3) '*' When the hides deliverable against the “New Standard Flide Contract” 
liave been^out of original salt pack for more than twelve months, — the seller shall make 
a cumulative compensation allowance to the buyer of two one-hundredths (2/lOOc) of 
one cent per pound per month, computed on the adjusted net weight, commencing with 
the thirteenth month after the calendar month of removal of the hides from original 
.salt pack and tip to and including the month in which delivery on Exchange contract is 
completed. 

(4) * In the event that South American Hides by accepted custom are delivered 
with an allowance for cut throat hides contained in the lot, such an allowance shall be 
granted on deliveries of such hides on Exchange Contract. 

(5) On deliveries of Domestic Steer Hides, excepting “Pacific Coast” grades 
and “all weight” grades, where heavy and light hides are deliverable together, an allow- 
ance of Ic per pound shall be made by the seller to the buyer for all light hides contained 
in the lot, within tlie limits of an original run, as provided in these By-Laws. 

Special Factors Relating to Deliveries and Invoicing of Hides 
Sec. 831 ** 

(1) Each contract unit shall be invoiced and delivered on a final adjusted net 
weight of not more than 42,000 pounds nor less than 38,000 pounds. 

(2) When a contract unit consists of hides taken-off during any two successive 
seasonal periods, the weighty adjustment shall be fixed on the basis of the greater deduc- 
tion of the two seasonal periods. 

(3) When a contract unit of Colorado Steers includes Butt Branded Steers, 
the same shall be invoiced as Colorado Steers, with no adjustment for tlie Butt Branded 
Steers contained in the lot. 

(4) On all deliveries of South American Hides there shall be added to the 
weight as determined by the Inspection Bureau before deduction for seasonal period of 
take-off, 5 percent of the actual weight as an offset for shrinkage in transit. 

* Arloptcfl April 2, 3934. 
t Adopted Au}?. 1, 1938. 
t Adopted April 2, 1934. 

Adoidod April 2, 1934. 
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(5) On all deliveries of Domestic Hides, where tlie trim is superior to Hint 
specified in these By-Laws, there shall be added to the weights before deduction for 
seasonal period of take-off by the Inspection Bureau, sucli a percentage thereof as shall 
be fixed by the Committee on Grading and Warehousing, with the approval oi not less 
than three (3) members of the Board Hide Trade Group, as a credit for such superior 
trim, provided that such superior trim, and a weight adjustment tlierefore, is in accord- 
ance with the then accepted customs and standards. 

Changes in Standards Affecting Grades and S elec lions of Hides 

Sec. 832^ Hides shall conform in respect to grading, selection, selection factors, 
shipping range, and other provisions of these By-Laws relating to the grade and classi- 
fication thereof, to the accepted standards, from time to time, for eacli respective grade. 
Until change is made in such standards, as hereinafter provided, tlie standard grades, 
selections, selection factors and shipping ranges shall be deemed to be as prescribed in 
Section 825 of these By-Laws. 

If and when changes shall be made in such accepted standards, the Ihiard Hide 
Trade Group, subject to the approval of not less than tliree (3) members of said hoard, 
may, upon recommendation of the Committee on Grading and Warehousing, aign-ovt; a 
revision of the grading provided in the By-I>aws, based uiion such. clian.m*d standard. 
The Grading and Warehousing Committee shall thereupon^ fix differentials for tlie 
revised grades, or change the differentials providefl herein, if sucli change is dinmied 
necessary. The grades as theretofore adopted shall coiitimu* to l)e deliveralde through 
the current month and the next succeeding twelve (12) months after sui'h change 
becomes effective; and the differentials fixed herein for said grades shall continue to ])re” 
vail during said period. 

Such changes shall not be deemed to affect tlie grade or ((iiality of liides to lie deliv- 
ered on outstanding contracts or the amount of money to lie paid thereon. 

Hide Rules 

flours for Trading in Hides 

Rule. 1.* The hours for trading' shall he from 10:10 a, m, to 3 i\ M, except cm 
Saturdays when trading shall c(‘ase at 12 o’clock norm. 

Call for Hides 

Rule. 2^ A call for the purchase and sale of liides for futme delivery sludl lie 
held in the Exchange Room on each f)tisiness day, at the hour preserif>e<I fur tlie ojHming 
of trading in hides as provided in Hide Hnle 1, and shall be eouducte«l by a prison desig 
nated by the President. 

The call shall he by months, Ijeginning with tlie euriamt luontli, excr‘ivt when trailini* 
in the current month has ceased, in which event It sliall begin witli tin* in*\t succeeding 
month and the call shall continue until twelve suliseipn^ut <*a!eu<lar mouihs liave been 
called, after which the call .shall stand adjourned. In reHp(*(i to the “N(*vv Standard Con- 
tract,” the call shall begin with the montli of Seplemlier, 1038. 

Delivery Months for Trading in Hules 
Rule 3.t (a). (Deleted 4/1/35.) 

(h) No contracts for the delivery of hules shall lie tutide or reeorrled f*»r anv montli 
except the current nionth. or one of the twelve sueeeerling montlis, provided fhal with 
respect to the “New Standard rnntraet” no cerntraets for the fleliverv of liides shall lie 
niade or recorded for any nionth earlier tlnan tlie montli of Se|iteinl>ei% !h3H. lhaiding 
in the month following llie twelfth succeeding nionth may connm^nee on the opening 
call following the last business day upon which transfcnildc notie(*s may In* issuer! for 
delivery in tlie ctirrent montli. 

Price Multiples for Hides 

Rule 4. Prices for hifles on future <lt*livery contracts slnal! he in nniltipleH of one 
onc-hnndredth of one cent per pound. Contracts made on ativ other leisis are ' prolnbiterl. 

t Adoiitrtl April 2, 10.11. 

* AmeiulH May 7, 19,14. 

AmciKlrd April 10.14. A up, 1, I01S. 

t Anif'ndfd Ainil iOH, Arn il 1, 10,11, Aue. h lO.LH. 
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Price Pluctuation IJmitalion for Hides 

J'vULE. 5.* Trades fur future delivery of Hides in any month shall not be made, 
during any one day, at prices varying more than two cents per pound above or below 
tlie lowest price of the closing range of such month as established by’ the Committee on 
yuotations at the close of tlie preceding business session of the Exchange. 

The foregoing limitations shall not apply to trading in the delivery month during 
the period in wliich Transferable Notices for delivery therein may be issued unless 
otiierwise determined by the Board. 

At the discretion of the Board, any limit of trading herein provided for may from 
time to time and without previous notice be changed or suspended or temporarily 
modi lied. 

Tlie affirmative vote of a majority of those present, but in no event less than twelve 
members of the Board, is necessary to effect any change in the foregoing provisions. 

Placing Hides in Delwerable Condition 

Rule 6 . Hides tendered against Exchange contract must at the seller^s expense be 
bundled and tied, and if required by the Committee on Grading and Warehousing, with 
tlie approval of tlie Board Hide Trade Group, shall be tagged in such manner as shall 
lie prescribed. 

Delivery and Payment for Hides 

Rule (a) Only certificated hides shall be tenderable against the hide contract. 
Said hides shall be delivered only from licensed warehouses. 

(b) Negotiable warehouse receipt as provided for in these By-Laws, signed by the 
warehouseman, hidoiLsed by the member in whose favor it is drawn, and accompanied 
by a liide certificate or validated notice of grade (also certifying to the adjusted net 
wcigiit), issued liy tlie Inspection Bureau, shall be a good delivery in fulfillment of a 
contract on winch such delivery is made and the member receiving the same shall return 
tlie Transferable Notice to the member making the delivery. The delivery of hides 
shall be con.sidered complete when warehouse receipt and a hide certificate or validated 
notice of grade, as above provided, shall have been delivered to the receiver. All hides 
must be delivered with “labor in” and storage charges paid to and including the second 
business day following the day of delivery. 

In the event that storage must be paid uixm any other than a per diem basis, the 
receiver shall not be obligated to refund to the deliverer any storage prepaid beyond 
the second business day following the day of delivery. The weighty as noted by the 
Inspection Bureau on the hide certificate shall be binding upon all parties. 

(c) Written notice of the liolding of the Transferable Notice shall be given by the 
la.st acceptor thereof, before four o’clock p.m. on the day on which such Transferable 
Notice was issued, or on the last notice day before nine o’clock a.m. on the next business 
day, to the member issuing the Transferable Notice which notice shall be accepted as a 
legal demand for the hides. The issuer of the notice shall, before two o’clock p.m. on 
the day of delivery, tender to the member holding said Transferable Notice, a ware- 
house receipt in tlie manner and form hereinbefore provided, together with a hide cer- 
tificate or validated notice of grade is.sued as provided in paragraph (b) of this Section 
for about 40,000 pounds of hides to be in one warehouse. 

(d) t An invoice for the hides, giving the marks and numbers of the hides and the 
name and number or letter of the warehouse, shall be rendered before eleven o’clock 
A.M. on the day of delivery with adjustment for premium or discount, if any, for grade, 
and discounts for special factors and such other allowances and credits as are provided 
for in these By-Laws and Rules. Provided, however, that when the delivery of ware- 
house receipt becomes due upon the last day of any month, bills shall lie rendered at or 
before one o’clock p.m. on that day and payment shall be made as hereinbefore provided 
at two-thirty o’clock p.m, on the same day, 

(c) The member receiving the warehouse receipt, accompanied by a hide certificate 
issued by the Inspection Bureau (or validated notice of grade) covering the entire con- 
tract delivered, shall at once make payment to the member presenting the same liy a 
certified check. 

(f) Wliere a validated notice is tendered on a delivery instead of a hide certificate, 
the payment shall be made on the basis of v35,000 pounds of the grade tendered less the 

* Amended Sept. 25, 1039. 

Amended April 2, 1934, Avn\ 1, 1935, Aiig. 1, 1938. 

t Amended April 1, 1935, 
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maximum discount from standard and less the largest seasonal |)cri()d discount for tlic 
particular grade of hides delivered, pending issuance of the hide certihcale. 

(g) The receiver shall pay the deliverer one-half of the charges for the original 
certification of hides. 

Hides Damaged by Fire, Smoke, Water or Other Causes 

Rule 8. Any hides damaged by fire, smoke, water or by otlier causes, sliall not be 
good delivery on contract. 

In the event of fire, flood or other contingencies which may cause damage occurring 
in a licensed warehouse in which certificated hides are stored, the Insi)ec.tion Bureau 
shall cause one of its inspectors to inspect the hides stored in said wareliouse, and said 
inspector shall make a report showing by lot number tlie hides wliicli have l)t‘en dam- 
aged by fire, smoke, water or other causes, and are not in good, sound and meri'^hantalde 
condition, and such list shall be at once posted upon the liulletin l)oard of the hxcliange 
and no lot of hides on the list shall thereafter l)e a gocxl delivery on contract. 

'Title to Hides 

Rule 9. Title to hides sliall vest in the buyer ui>on excliange of certified check for 
delivery documents. In all cases, the hides shall be at llie risk ol the seller until title 
vests in the buyer. 

'Transferable Notice for Hides 

Rule 10.* Every notice of delivery issued by tlie seller i)ursnanl to a “Old^ .Stand- 
ard Hide Contract” sliall be for 4(),0()0 pounds (5% more or less) and sliall be in form 
as follows : 

('The blank spaces provided for van (ms ififoniiation (oi the / ransf endde 
Notice form must be filled in by the issuer.) 


COMMODITY KXCHANOE, INC. 
Transferable No t ice 

OlH STANDARD HIDE CDNTRAC'T 


To (H. Bros. & Co.) : 

Take notice that on 19 in accordance with the terms of 

our contract with you, we shall deliver to you about 4(),(K)U |>ounds of W et Salted Hides 
in good, sound, merchantable condition of tlie following gnule 


with the following discount from Standard: 

taken olT during the month or months of 

at pucker plant known a.s 

located 

removed from original salt pack 

citatn 

at tlie Trans feralile Notice price of 

Said hides will he delivere<l tdH\’d'HHCA1'Ef) (Ceriifieate 

) from licen.sed warehouse in tla* tity of., 

(Date) 

. known as 

located at 


f dd 
Ne’h* 


.ctmts tier pound. 
form Expires 


VVe pledge ourselves to deliver on the day specified for delivery, to th<‘ last liolder 
lureof, dcK'uments as iirovided for in RUI.E 7 upon written notic<* of the holiliug of 
tills notice given to ns fiy the last holder hereof before four oNdock P.M. on tla* day 
this notice is issued, (e.xeept that the transferee who beeonifs the Iasi acc<*ptor f>f this 
notice after four oclork P.M. on the last notiee day for delivery in the current month 
must notify us before nine o’clock A.M. on tlu‘ mexfi business clay). 

♦Amended Ai>ril 2, 19.M, Ai>ril 1, Pid.*), May Atii;, 1, 19, tS, Aig:. 22, I93S. 
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This notice is to be delivered to us simultaneously with our delivery of the above- 
mentioned delivery documents to the holder hereof and our receipt of check in payment 
for said hides. 


CoTiditions 


Signed (L. Bros.) 


Each of the acceptors agrees that the last acceptor hereof will before four o’clock 
P.M. on the day this notice is issued, or as otherwise required give written notice of the 
holding of this notice to the issuer hereof and on the delivery day specified herein receive 
from the issuer a warehouse receipt together with a certificate of grade or a validated 
notice of grade, as provided in the By-Laws, for about 40,000 pounds of hides, and pay 
the issuer hereof at the transferable notice price hereinbefore specified, settling with 
them on the basis of Standard No, 1 Light Native Cows, — ^July, August, September, — 
take-off, with additions or deductions for variation in grade, in accordance with the dif- 
ferentials established by the By-Laws, with other debits and credits as provided for in the 
By-Laws and Rules of the Exchange. It is further agreed that each acceptor hereof 
shall continue his (or their) liability to each other for the fulfillment of the contract 
until this notice shall have been returned to the issuer and the delivery documents required 
by the By-Laws and Rules shall have been received by the last acceptor hereof, at which 
time all responsibilities of intermediate parties shall cease. 

Signed (H. Bros. & Co.) 

Form of Transfer 

New York 19 


Time licccived 


Accepted by 


Transferred to 


(11:37 A. M.) 


(H. Bros. & Co.) (G. & Co.) 


Every notice of delivery issued by the seller pursuant to a “New Standard Hide 
Contract” shall be for 40,000 pounds (5% more or less) and shall be in form as follows : 


blank spaces provided for various information on the Transferable 
Notice form must be filled in by the issuer) 


COMMODITY EXCHANGE, INC. 

T ransferable No tic e 

NEW STANDARD HIDE CONTRACT ■ 

Adopted Aug. 1, 1938 

New York 19.... 

M o’clock 

To (H. Bros. & Co.) : 

Take notice that on 19 , in accordance with the terms 

of our contract with you, we sliall deliver to you about 40,000 pounds of Wet Salted 

Hides in good, sound, merchantable condition of the following grade, 

with the following discount from 

Standard: 

taken off during the month or months of 

at packer plant known Jis ' 

located 

removed from original salt i)ack 

(Date) 

compensation allowance of 2/1 00c per pound per montli commences 


f Date) 

at the Transferable Notice price of cents per pound. 

Said liides will be delivered CERTIFICATED (Certificate Expires, 
) from licen.sed warehouse in the City of 


(Dale) 

known as 


located at 
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We pledge ourselves to deliver on the day specihed for delivery, to tlie last holder 
hereof, documents as provided for in KULK 1 upon written notice ot the holding of 
this notice given to us by the last holder hereof before four o clock P.M. on the day 
this notice is issued, (except that the transferee who becomes tlie last acceptor of this 
notice after four o’clock P.M, on the last notice day for delivery in tlie current month 
must notify us before nine o’clock A.M. on the next business day). 

This notice is to be delivered to us simultaneously with oiu; delivery of the above- 
mentioned delivery documents to the holder hereol and our recciiit of clieck in i>ayment 
for said hides. 

Signed (L. Pros.) 

Condihons 

Each of the acceptors agrees tliat the last acceiitor hereof will be i ore four (Vclock 
P.M;. on the day this notice is issued, or as otherwise required give written notice of 
the holding of this notice to the issuer hereol and on the delivery day specilied herein 
receive from the issuer a warehouse receipt together with a cert i beat e of grade or a 
validated notice of grade, as provided in the Ily-Laws, for al)orit 4(M)U() p<»nnds oi liidcs, 
and pay the issuer hereof at the transferable notice price hereinbefore speeibed, .settling 
with them on the basis of Standard No. 1 Light Native Cijws, -July, August, Sejitem- 
ber, — take-off, with additions or deductions lor variation in grade, in accordance with 
the differentials establislicd by tlie Jiy-Lxiws, with other deliils and credit.s as jirovided 
for in the By-Laws and Rules of the Exchange. It is furtlier agreed tfiat (‘ach acceptor 
hereof shall continue his (or tlicir) lialiility to each other for the lulbllment of the 
contract until this notice sliall have been returned to the i.ssner and the delivery docu- 
ments required by the By-Laws and Rules shall have been reeeivt'd by the last acceiitor 
hereof, at which time all responsibilities of intermediate i»arties sliall cea.se. 

Signed (II. Bros. & Co.) 


lujrm of Transfer 

New York 19.... 

Time Received Aceeitted by i lansfci red ta 

(11:37 A. M.) (M. Bros. & Co.) (C. Co.) 


(a) * Every notice of delivery for Hides issued by the seller pursuant to a contract 
for future delivery sliall be issued to the Iniyer liefore. 9 A.M. on the fourtli liusine.ss 
day (Saturdays excepted) prior to the day of delivery, e.xcept on tlie last notice day for 
delivery in the current month, when .such notice's may he issued not later than 12:30 
P.M. Witli respect to the “(fid Standard Hide Craitraet” the last deliviTy day in tlie 
month shall be the second full Imsiness day immediately jirecediug tig' last liusiitess day 
in the month. 

All Transfcralilc Notices is.sued to the (learing Association clejirtug Hide Contracts 
shall be delivered to the (bearing A.s.sociation, in accordance with stieli regulations as the 
Clearing As.sociation may ado[)t. 

(b) '^ All Trans feralile Notices shall he offieially numbered by tlu* Clearing A'^voeia 
tion before circitlation. Issuers of Transferable Notices when pr<'st*nting same to the 
Clearing Association for nitmlK'ring shall submit tlierewitli a signed memorandum 
acldre.ssed to tlie Excliange, stating the amount uiid descripli(ni thereof, and aft<T eer» 
tification by tin* Clearing Association tliis memorandum shall ln‘ fleliv(*red to the Exi'liatige 
for the purpose of recording the details with respect to the Trau'.feraliU* Nh dices issn<*<l 

(c) The party receiving a notice may transfer it to anotlu'r party, and it mav 1 h' 
given by one transferee to anotlier. Every party receiving tiu' notice shall indorse upon 
it the time of receipt. The member fir.st receiving a notice issu'd l>eft»re the optaiing 
of trading in liides .sliall have forty-five minutes after the said o]){'nim». in which to 
transfer it; hut in every ojlier casi* except where a notice has het-n Inth.uMl with llu' 
Clearing Association, a notice must he transferred williin thirty minuti'H after tlte time 
of receiiit. Any iiarty, except the Clearing A.ssoeiation, \vh'> fails to forward such iiotii't' 
witliin tliat time sliall f>e lialde to a penalty of fifty dollars per I'ontraet, payahh* to th<' 
Ivxchange, or to liave the notice returned to liim, tk the option of tlu* partv‘with whom 
the notice lodges at the dose of the day. 

* Anieiub'd May :».q Aug. 2:?, 1938. 

j Amcnrlcd May 2L 1936. 
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(d) All transfers must be made within the hours for trading in hides except transfers 
of a notice issued for delivery on the last delivery day of the month, which may be made 
till tlie interest in sucli month is liquidated but not later than midnight of the day of 
issue. 

(e) The Clearing Association shall return to the last acceptor thereof any notice 
which lias not been forwarded at the close of the Exchange on the day of issue, or by 
midnight on tlie last notice day of the month. 

(£) Any member receiving a notice forwarded by the Clearing Association, during 
tlie hours it is permissible for such notice to circulate, must accept the same regardless 
of the period of time such notice may have been held by the Clearing Association. 

(g) Should the office of a party to whom a notice is to be given be closed, it shall be 
good service to give the notice to the Secretary of the Exchange who shall indorse there- 
on the day and time of its receipt and post notice thereof on the bulletin board of the 
Exchange. 

(h) Every notice, issued and tendered as herein provided, shall be accepted by any 
member of the Exchange on any contract for the future delivery of hides for the delivery 
month therein named. 

(i) The difference between the price of every contract on which such notice^ is 
tendered and the price at winch the notice is issued shall be paid on the day following 
the date of tlie notice. 

(j) The failure on the part of the holder of any notice to notify the issuer thereof, 
as provided therein, shall subject him to a penalty of fifty dollars for each notice, to be 
paid to the issuer thereof, the contract to remain in full force. 

(k) The Secretary sliall, at tlie close of the Exchange on the day previous to each 
notice day, post upon the bulletin board of the Excliange the price at which transferable 
notices shall be issued on the following day. The transferable notice price shall be the 
approximate closing price of the current month on the day previous to notice day. 

(l) Hides shall be paid for at the transferable notice price. The difference between 
said price and the settlement price of the day previous to delivery, as determined by the 
Clearing Association shall be adjusted separately on the basis of 40,000 pounds basis 
grade, without adjustment for seasonal period of take-off or other additions or deductions 
provided for in the By-Laws and Rules. 

(in) No meniber of the Exchange shall make a fictitious use of any name to fill up 
tlie time in the issue or transfer of any notice for the future delivery of hides. Any 
memlier wlio shall be found guilty thereof by an arbitration, or, if an appeal be taken, 
by the Board of Appeals, shall, in each case, pay to the party with whom the notice may 
lodge at the close of the day a penalty of one hundred dollars, and in addition thereto 
may, upon a repetition of the offense, be suspended by the Board of Governors. 

(n) All Saturdays and such holidays as are prescribed by the By-Laws or ordered 
by the Exchange or by the Board as a whole, shall be observed as holidays so far as con- 
cerns the issuing of transferable notices or the delivery of delivery documents in ful- 
fillnieiit of contracts for future delivery, except as hereinafter provided. 

(o) When the last day on which a transferable notice may be issued for delivery 
in the current month is declared a holiday too late for the issuance thereof on the pre- 
ceding notice day, such notice may be given or transferred in the usual manner on such 
lioliday. 

(p) When the last delivery day of the current month is declared a holiday too late 
for a transferable notice to be issued requiring delivery on the preceding business clay, 
then the delivery shall be completed on said holiday. 

(q) Members having contracts open in the current month must keep their offices 
open for the purpose of receiving such notices or of completing such deliveries. 

Return Commission for Obtaining Business 
Unguaranteed and Guaranteed Accounts 

Role. 11. Pursuant to Commission Law Rule 628 the return commission on a con- 
tract for future delivery of hides bought or sold shall be: 

fa) On unguaranteed accounts, not more than Four Dollars on each contract. 

(b) On guaranteed accounts, one-half of the domestic non-member rate of com- 
mission on each contract, but there shall be deducted from the procuring meml)er’s share 
of such cornmission an amount equal to the rate of floor l>rokerage on said transaction, 
wlietlier paid or not. 

Fees paid on such transactions pursuant to Sec. 209 of the By-Laws shall be deducted 
from any return commissions paid to a member. 
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The Tanner and the Hide Exchange 

To the extent that a tanner cannot sell leather for future delivery hclore he has 
purchased the hides with which to make the leather, he must gainhlc ^ on the fluc- 
tuations of the hide market during the interim between purchase of hides and sale 
of leather unless he can sell the gamble to someone else, and this the Hide 
Exchange provides him with facilities for doing. Retention ot this gamble has 
been disastrous to some tanners, and many tanners cannot afford to gaml)le. Ihere 
are many speculators who desire to gamble on the hide market and the Hide 
Exchange provides the market place for the tanner to sell a gainlilc that he does not 
want to a speculator who docs want it in the hope of making a pia)flt. 



The gamble lies only in the 7nrhial o-nnicrship of the hides and not in meia* 
physicat possession. 'Hie tanner requires physieai possession of hides in order to 
make leather, but he may not desire the gamble tliat goes with virtual (mmershtp. 
The pure speculator desires the gamble, hut not phystcid possession and so he must 
acquire virtual ownership without physical possession. By proviiling facilities for 
buying and selling hide futures contracts, the F.xchangti furnishes tht‘ tanner with 
a sound method for separating virtiud ownership from physical possession am! sell- 
ing only the virtual owjiership to the speculator. 
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The tanner can sell the gamble not only on his raw stock, but also on his 
actual leather simply l)y selling hide futures contracts to cover the raw-stock value 
of his possessions. What he sells need not be of the same character as the stock 
he possesses provided its market variations parallel those of the stock he has on 
hand. For example, a goatskin tanner would hedge against his stocks of both raw 
skins and leather by selling light native cow hides in the form of futures contracts. 
Fig. 85 shows the parallel fluctuations in market prices of goatskins, calfskins, 
country hides and sole leather with those of packer light native cow hides over the 
period 1925 to 1938. Although the ratios are not constant, the major trends of the 
values are nearly enough parallel to permit a goatskin tanner to eliminate some of 
his gamble by selling cow hides. 

Effect of Speculation on the Hide Market 

Many tanners have condemned the Flide Exchange on the ground that it is a 
lure to gamblers, whose speculations increase the violence of the fluctuations of 
hide prices. Actually, it has had two effects, one running contrary to the other; 
since the hide-futures market came into existence in 1929, the extreme ranges of 
prices from high to low over a year have actually been smaller than before, and 
in that sense the Hide Exchange has been responsible for stabilizing the market. 
On the other hand, the month-to-month fluctuations have been greater than before. 
Whether this is an advantage or a disadvantage to a tanner must depend in a lai'ge 
measure upon the flexil)ility of his purchasing of hides, the intimacy of his knowl- 
edge of the causes of price fluctuations and the extent to which he uses the facilities 
of the Hide Exchange for his own safety. For most tanners to make profits, it 
appears to be necessary to master the complications involved in buying and selling 
1)oth raw hides and finished leather to at least the same extent as he must master 
the complications involved in manufacturing leather efilciently. 

The natural rise and fall of hide prices is caused by a fluctuating supply and 
demand. If prices fall to unnaturally low levels, certain banking houses are always 
ready to invest their money in them with reasonable assurance of earning at least 
the interest on their money by holding them until a more rational basis is estab- 
lished in the hide market. When prices rise to unnaturally high levels, all holders 
of hides feel the urge to sell, whether to get rid of their holdings at high prices 
or merely to hedge to protect the paper gains they have made. The effect of the 
speculator is to add buying power to the market when it is low and to add selling 
power to the market when it is high. This has the effect of keeping the market 
from going as low as it might otherwise go and preventing it from going as high 
as it might otherwise go. On the other hand, the additional buying and selling 
power of the speculator increases the violence of the market fluctuations over short 
periods. 

Avoiding The Gamble of Hide-price Fluctuations While Making an Assured 
Profit on the Sale of Hide Futures 

Under the foregoing title, the writer published an article in the Shoe & Leather 
Reporter which has received some favorable comment and which is reproduced in 
the following paragraphs. Although it involves some repetition, it emphasizes a 
number of important points. 

“The manufacture of leather involves a gamble that is unique among large 
industries. The primary reason for this is that the production of leather bears no 
relation to the demand for leather, except over relatively short periods of time. 
Hides and skins are a by-product of the meat-packing industry and practically 
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every hide or skin made available is eventually tanned into leather. An increased 
demand for leather docs not result in increased slaiig'hter and avaibability of hides, 
but merely in an increase in the price of both hides and leather. It is thus inevital)le 
that hide prices must fluctuate rather widely. 

*‘The leather industry today has become one of the most hi^jflily competitive of 
all major industries. So keen has become this competition that the tanner is for- 
tunate indeed who can be assured of a net profit of one-half cent per pound on the 
raw stock that he tans. But this hoped-for profit represents only a small fraction 
of the variation in market prices for hides. Fig*. 83 shows the variations in market 
prices of light native cow hides for the past thirty years. They range from a low 
of to a high of 61c per pound. The figures were furnished by Mr. James 
Price, Jr. of Pratt Bros. Co., New York and Chicago, publishcr.s of PratTs Reports 
and the Daily Elide and Leather Market, Monthly price's are taken as of tlie first 
of the month and these are averaged to get the yearly values shown in the chart. 
The high and low values for cacli year arc taken as the high an<I low monthly 
values for that year and not as the extreme high and low vrdues for single sales. 
The values for 1940 are for the first nine months. 

“During the first nine months of 1940, the market price of light native cows 
has fluctuated over the range lOy^c to LSc and that of huti liraiidcd steers over the 
range to 1454c. Since it may lake from a month to a year to .sell the leather 
after buying the hides, it is evident that the tanner is of necessity a gambler in a 
big way. 

“Sound business cannot well be based on speculation. With the hide cost 
usually representing more than one-half of the .selling price of the leather and with 
hoped-for profits representing only a fraction of hide-price fluctuations during the 
time the tanner has the stock in his possession, it would sc(‘m (‘ssimtial t(» sttrvival 
for a tanner to take every prccanlion within liis power to tanluce the (dement of 
speculation to a minimum. 

“A tanner requires physical imssession of hide.s or .skins in order to make leather 
for sale. But the gamble does not lie in the mere physical possession of hides, 
but rather in tlic viriml onnicrsliip, A man does not iu*(’d to own a house to have 
a home; he can obtain possession of a house by renting it, leaving the ownm*ship 
with liis landlord. In this way, he escap<*s tlu' danger of a crash in real estate 
price.s. When a tanner laiys a t*ar of hides, he ae^piires both physical ptisse.Hsion 
of those hides, which he must have to contitnu* in Imsiness, and virtual (»wnerslu]), 
which carries with it all of the gam])le of a fluctuating hide market, The pure 
speculator in hide futures has no interest in the pltysical possc^ssio^ of hides, Imt 
he re(iuires virtual ownership to provider him with the desired speeulation. Com- 
modity cxcliangt's exist for the purpose of allowing holders of cortimodities to sell 
virtual ownership of those commodities, while retaining the necessary physical 
possession. 

“In Sidling virtual owiKTshij), it is not at all necessary for the tanner to stdl 
owmn-.shii) of tluj particular stock tliat he has in his possession; he accomplishes the 
same result by selling for future delivery anything whose market price fluctuates 
up or down in proportion to the market fluctuations of the stock in his possession* 
Thi.s operation is known as hedging; that is, making a bet to offset a hvi alreiidy 
made. When a tanner buys raw stock, lie may be considered to have bet that the 
market value of this stock will rise, or at least not fall By selling hides for 
future delivery in amounts equivalent to that which he has purcliased, he offsets 
his het made in purchasing and neither gaias nor los(‘s in any subseciueiit market 
fluctuations; if the market subseciuently rises, Ih‘ gains in tlie increased value of 
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his inventory what he loses in covering on his sale of hide futures; if the market 
falls, he profits when covering on his sale of hide futures by an amount representing 
the shrinkage in the value of his inventory. 

'"No argument need be made here of the value of hedging as a price protection 
because it has been proved over the course of many years in all of the major com- 
modity markets. If the market price of wheat moved up or down exactly in pro- 
I)ortion to the market price of the hides represented in a taniier^s inventory, he 
could hedge by selling wheat futures, but wheat prices and hide prices do not move 
together and so he must do his selling in futures in that commodity whose price 
fluctuates most nearly in direct proportion to the value of his inventory. For the 
tanner, that commodity is hides. Commodity Exchange, Inc., New York, pro- 
vides an exchange dealing in hide futures. On this exchange, the basis grade on 
which trading is done is No. 1 light native cows of July, August or September 
take-off, but the seller of a hide-futures contract has the option of delivering any one 
of a nuni1)cr of grades, taking into account the specified premiums and discounts 
according to his choice of grade to be delivered. Since the market prices of all 
grades of hides and skins do not rise and fall in exaxt proportion, a tanner cannot 
hope to accomidish perfect hedging by selling hide futures, but by so doing he will 
come closer to eliminating the gamble of fluctuating hide prices than by any other 
method known to the writer. 

“Let us assume that a tanner has decided to minimize, as far as possible, the 
gamble of a fluctuating hide market and consider just what he must do to accom- 
plish this result. He must first calculate the raw-hide value of his inventory; 
that is, today’s market value of the raw stock that is contained in his inventory, 
whether in the form of raw stock, leather in process or finished leather. He must 
then sell hide-futures contracts to the approximate value of this raw-stock inventory. 
He sells these contracts without any intention of making delivery, but solely as a 
hedge against a possil:)le decline in the value of his inventory. 

Avoiding the Gamble 

“Txt us assume that on November 1, 1940 the tanner had an inventory of which 
the raw-stock content was worth approximately $100,000 on the hide market. A 
unit hide-futures contract c<alls for 40,000 lbs. of hides. If the June, 1941 futures 
market was 10c, he would have lus broker sell for him 25 futures contracts deliver- 
al)le in June, 1941. Virtual ownership of the raw-stock value of his inventory 
would now rest with the i)iirchasers of his contracts and any future gamble of 
fluctuating hide prices would no Itmger re.st with the tanner, but with the purchasers 
of the contracts. Since the tanner has no intention of making delivery on the 
contracts sold, he ultimately clears them before maturity by buying an offsetting 
number of contracts, usually within the month before maturity so as to avoid having 
to buy contracts under i)ressure. Meanwhile, if he increases his inventory by buy- 
ing more hide's in the spot market, he simultaneously sells additional contracts to 
keep his hide inventory sold at all times. If he decreases his inventory hy selling 
leather, he siimiltaneoiisly buys contracts to reduce his contracts sold to the lowered 
value of his inventory. 

“Each time he clears contracts before maturity by buying equivalent contracts 
solely to avoid making delivery, he .simultaneously sells new contracts in order to 
keep his inventory hedged at all times. This is a continuous process l)y which 
the tanner at all times keeps inriual (mncrsliip of the hide portion of the raw stock 
and leather in his |)ossession in the hands of others desirous of speculating and he 
himself avoids the gamble of the fluctuating hide market. 
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“Many tanners have condemned the hide exchange as inviting speculators to 
play with a market already too speculative for the safe operation of tlie tanning 
industry. Actually, the effect of the speculators has been to lessen the extreme 
spread of hide prices over extended periods of time, while making them fluctuate 
more violently over shorter intervals. Whatever may 1)c siiid for or against this 
effect, the fact remains that the speculator is a customer for the tanner who is try- 
ing to get rid of the element of gambling that exists in his hide purchases. If any 
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Fig. 86. Kelative Price Variation of Putt Hrun<U‘d St<‘er Hides and Light Native 
Cow Hides by Years from 1910 to 194(1 

tanner will revi<uv his hid(? purchases over a long period time, the chances are 
good that he will find that he would have been mon<‘y ahead had he followed the 
given procednnt rigidly. 

“Over tht‘ years, the tanner has of necessity become a natural speculator in 
liides ami it is not <‘asy for him to discard a lifelong habit. In order to hedge 
his inventory ciiinjiletely, he must giv<* up those profits that aeerued to him with 
every past rise in the hide market, hut in exehaiige for this he eseapes the losses 
that lie suffered in dcadining marktds. .Somt* tanners find it distasteful to give up 
tlie old gainhlc of the hide market, hut try to confine their speculations within limits 
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that they feel that they can afford. Some do this by only partially hedging their 
inventories and others by spreading their purchases so that the average cost remains 
close to the average market value, but complete safety really lies in complete 
hedging. 

^‘As long as there are tanners who will sell leather below replacement costs and 
as long as relative market values of different grades of hides vary, a tanner cannot 
hope to achieve perfect hedging. A goatskin tanner, for example, can only hedge 
by selling hides and goatskin prices do not always move up or down with hide 
prices, although the general trend over extended periods of time is usually the 
same. His hedging by selling hide futures is often far from being perfect, but it is 
vastly safer than no hedging at all. 

“Even the tanner of light native cow hides does not achieve a perfect hedge by 
selling hide futures. Although light native cows constitute the basis grade for 
trading on the exchange, the grade for trading purposes varies with the relative 
market values of the various tenderable grades. Since the deliverable grade is at 
the option of the seller of the contract, it automatically becomes the grade that costs 
least to make delivery. When light native cows are selling for less than other 
tendcral)le grades, they automatically become the grade to be delivered. When 
butt-branded steers arc selling for less than any other tenderable grade, they auto- 
matically l)ecome the grade to be delivered. Frigoriheo hides can be delivered on a 
contract and a premium charged. Ordinarily Frigorifico hides have too high a 
market value to l)e considered as deliverable grades, but right now (October, 1940) 
the present world crisis has made Frigoriheos the grade to be delivered. 

“Tanners naturally look upon butt-branded steers as more valuable than light 
native cows and usually they do sell at a higher price. liowever, changing demands 
have forced l)utt-branded steers to sell for less than light native cows during at 
least five different periods in the last thirty years and that condition exists at the 
present time. Fig^. 86 shows the variation in cents per pound by which the price 
of l)utt-brandcd steers has exceeded the price of light native cows over the past 
thirty years. Actual prices can be seen by comparing the values in Fig. 86 with 
the average values shown in Fig. 83. 

“When a tanner sells a hide futures contract, the logical deliverable grade may 
thus change during the life of the contract and this prevents perfect hedging regard- 
less of the grade of hides being tanned by the seller of the contract. This has often 
been used as an argument against the desirability of hedging, but it does not require 
a mathematical genius to show that tlie present method of hedging with all of its 
imperfections is far safer than no hedging at all. 

“In considering the imi)erfections in hedging just cited, it seems to the writer 
that a wonderful opportunity is afforded the hide exchange to remove some of 
these imperfections by substituting for the fixed differentials given in Section 828 
variable differentials based upon variations in the relative market values of the 
different tenderal.)le grades. 

Making the Profit 

“The world is now passing through a crisis that is upsetting at least temporarily 
many normal processes. Conditions existing in the hide market today are al)normal 
in many respects and so for our illustration we shall consider only those conditions 
which usually exist and not those that are with us tem])orarily as an indirect result 
of the world crisis. When hides arc sold for future delivery, the price is usually 
increased by 10 points (0.10 c per lb.) for each month of the life of the contract 
This represents wliat are known as carrying charges and includes storage charges 
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on the hides, insurance, interest and handlini;' char.^'cs. On the ])a.sis ol hid(‘s at 
10c, this amounts to 12 percent per year on the value ol the hides. 

“Since the tanner sells hide futures solely tor the pur|)ose of heditini 4 ' and with 
no intention of making delivery, he has no carrying charges on the contract sold, 
but he receives the I'egular carrying charges as a bonus. This amounts to $4<S0.()0 
per unit contract of 40,000 lbs. of hides per year. Against this bonus, he niiist i>ay 
brokers’ commissions on each transaction. In routine hedging, he wouhi 
sell and clear each contract twice each year, making four separate transactions per 
contract. When hides were selling below 10c, the l)roker’s commission on each 
ti'ansaction would cost him $7.50, making a total cost of $30.00 jaa* contract per 
year. When hides were selling above 10c, the broker’s commission on t'acdi trans- 
action would cost him $10.00, making a total of $40.00 ])cr contract per year. 
Deducting these from his bonus of $480.00 leaves him a net profit of either $440 
or $450 per contract per year. On the basis of 10c hides, this amounts to 1 1 ]>erccnt 
to 11^ percent on the value of the hides anmtally. Ion' many tanners, this amounts 
to far more than their profits on all tannery ojicrations put together. 

“During the present crisis, these carrying charges have sometimes amounted to 
only one-third of their normal value and sometimes have been non-existent, but 
they form a normal part of the transactions on the futures inark(‘ts. 

The Tanner as a Seller of Hide Futures 

“The average tanner should m‘ver buy hide futures except to (dear t'ontracts that 
he has sold. As long as he has an inventory of hicks and U‘atlu‘r, }u‘ must ktM*p tlu* 
value of its raw-stock content sold to avoid virtual owiua'ship with its tv)iu‘omitant 
speculation. Sometimes a tanner sells leather for future delivery and sometinus 
even before he has purchased the hides with whieli to make it. In this ease, lu* 
should deduct the futures sale of leather from his inventory. If this leaves him with 
a negative inventory, he .should then buy futures to lialanee, Init tliis condition is so 
rare that it will liarclly interest the average tanner. The fundamental rule, wlucdi 
takes care of all cases is simply thi.s: 'I'he market valiu‘ of contracts sold slaatld 
always equal the market value of the raw-stock content of the inventory. 

The writer is indebted to Mr, Henry Dietrich, of Arniand Sehmoll, Ine., Nc’W 
York, for giving him many ideas about trading on llie ICxelKmg(‘.“ 

Selection of Hides for Specific Types of Leather 

For each kind of leatlier, some types of raw stock are better snittnl than others. 
Under exceptional circtimstancc's, a tanner might use almost any type of raw 
stock to make almost any type of leather, even tliough the resulting ]vrodiict might 
be far from the best o1)tainable. Inn" example, a tanner would not buy lieavy steer 
hides to make tipper leather for women’s shoes, but it is physically possilde to split 
such a hide to women’s weiglit and make the shoe-upper leather; it would not Ih* 
duraldc leatiuu’ because (d* the neces.sary degree! of .splitting and it ccnlainly would 
not be economical In selecting the type of raw stock to make any given type of 
IcatluT, the tanner must consider both suitability and the market |)rice of the raw 
stock. A type of raw st o<'k that be.st filled his needs under one set of tn’rctimstanceH 
might not be best under another set of circumstances. 

Altliongh no rigid rules can be laid down for all circumstances, it is hedpftd to 
the tanner to have a list of types of raw stock that have been used to make each 
common tyiie of leather as a fir.st guide when attempting to produce some type of 
leather for the first time. Such a list is given in Table 20. It would be futile 
to attempt to list every type of leather that ha.s ever been made, and the tanner 
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may often find types of raw stock to use to best advantage that are not listed in the 
table for the given type of leather. 


Table 20. Various Types of Leathers and Types of Raw Stock That Have Been 

Used to Make Them. 


Types of Leathers 

Alligator 

Antelope 

Apron 

Automobile 


Bag 

Baseball-glove 

Baseball 
Baseball -mitt 
Baseball -shoe-upper 

Basketball (molded ball) 

Basketball (sewed ball) 

Bellows 

Belting 

Billfold 

Bookbinding 

Boxing-glove 

Bridle 

Brief-case 

Buckskin 

Buffalo 

Cabretta 

Caddic-bag 

Cap 

Case 

Catgut 

Chamois 

Collar 

Cordovan 

Counter 

Deerskin 

Diaphragm 

Drumhead 

Elk 

Football “helmet 

Football 

Garment 

Gasket 


Gear 

Glazed-kid 
Glove (dress) 


Glove (work) 


Types of Raw Stock 

real alligator skins or light cows and calf skins 
(embossed). 

goatskins, sheepskins and calfskins (suede 
finish). 

light steer hides and light cow hides, 
bull hides, steer hides, spready cow hides and 
cattle-hide splits. 

light and heavy native steer and cow hides, 
kipskins, light native cow hides and horse 
fronts. 

kipskins and horse fronts, 
light native cow hides and horse fronts, 
kangaroo skins, wallaby skins, calfskins, kip- 
skins and East-India kipskins. 
kipskins and country cow hides, 
cx-light and light native steers, 
pickled sheepskins and sheep skivers, 
heavy native steers. 

calfskins, hog skins, sheepskins, hair-seal skins 
and many others. 

goatskins, sheepskins and skivers, calfskins and 
many others, 
pickled sheepskins, 
light native steer hides, 
light native steer and cow hides, 
real buckskin or light native cow and kipskins. 
various imported buffalo hides, 
straight-haired Chinese sheepskins, 
light native cow hides and many others, 
pickled sheepskins and many others, 
light native steer hides and cow hides, 
sheep intestines.^ 
pickled sheepskins. 

light and heavy native steer hides and cow 
hides. 

horse butts. 

hog strips and country cow hides, 
deer and elk skins, 
sheepskin skivers. 

sheepskins, calf slunks and other types un- 
tanned. 

real elk skins or (usually) light native steer 
^ hides or cow hides, 
light native steer hides, 
light native steer hides. 

I)icklecl sheepskins, horse fronts, light native 
cow hides, kipskins and calfskins, 
sheepskins, country cow hides, kipskins, calf- 
skins, splits and many others, 
bull hides 

imported goatskins and kid skins, 
goatskins, kidskins, sheep.skins, cabretta skins, 
ostrich skin.s, deerskins, hog.skins, peccary 
skins, and many others. 

country cow hides, horse fronts and many 
others. 
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Types of Leathers 
Gold-beater’s skin 
Golf -grip 
Gusset 

Hairon (textile) 
Hatidbag 

Harness 

Hatband 

Hat 

Hydraulic 

Insole 

Kangaroo 

Lace 

Lining 

Li/.ard 

Looni-strai) 

Luggage 


M'echanical 

Meter 

Moccasin 

Moclia 
Morocco 
( )oze 

( Irgan-pipe 
(Jstrich 

Packing 
Parchment 
i ’atent 
Ih’ano 

Pigskin 

Ihn-seal 

Ihicumatic 

T’ockelliook 

Iknifolio 

Raiior-strop 

Reptile 

Roller 

Round-belting 

Saddle 

Sealskin 

Seat-cover 

Shark 

Sh('ar1ing 


Table 20 — Continued. 

Types of Raw Stock 
blind gut of ox. 

country cow hides, kipskins and call skins, 
pickled sheepskins. 

extra-heavy French and Italian steer liides. 
light native steer and cow hides, kipskins, calf- 
skins, goatskins, sheepskins, ostrich skins, 
hogskins and many_ others. tin 

light and heavy native steer hides and bull 
hides. 

pickled shecpskiiis and calfskins, 
pickled sheepskins, goatskins, call skins aiK. 
others. 

light and heavy steer hides and <’ovv hides, 
hog strips and country cow hides. 

Australian kangaroo skins. 

IL'ist-Iiiflia kipskins. light .steer and cow hides, 
kipskins and calfskin.s. 

giiatdviiiv;, ealindta .skins, pickled sheeiiskins, 
calfskins ami hogskins. 

real li/ard skins or light cowhiiles, kipskins, 
calfskins, and goatskins ( (‘inhosscd ) . ^ 
c.xlra-heavy hVcnch ami Ijaliaii steer hidc-s and 
t ’hiiiesi* \vater-hullal<> liides. 
light steer and cow hides, hultajo hides, alli' 
gator skins, shark skins, hogskins and nuuiy 
others. 

hull hides. ^ , 

jiickk'd sheepskins, slitepskin skivers, t‘aH skins 
and others. 

pickled sheepskins, sla'arlings, deer skins, light 
(‘o\v hides, calfskins and otluTs. 

Mocha goatskins. 

goatskins ami sometimes slu’epskms. 

calfskins. 

hliml gnt of ox 

real ostrich skins or ligiit cow hides, kipskins 
and calfskins feiuhossed). 
sheep.skiiis and splits. 

sh(*<*i>skiiis, calfskins ami shmks, untanued. 
all types suitalile for shot* upper leather. 
<leerskins, elk hidi’S, imm'-.e hides, goatskins, 
sheepskins, light cow liides tind calfskins, 
hogskins, jKVcarv skins tuid light cow hides and 
calfskin.s (cnihossed). 

hair-seal skins or calfskins and goatskins (eni« 
has.s<‘<l). 

shecti.skin .skivers. 

hair'.seal skins, calfskins, gf>atHkins, shecjjskins, 
reptile .skins and many others, 
light native steer ami row hidi’s and others, 
liog'skims. Imrse butts am! cow hides. 
r(‘al reptile skins or calf.skins (emhossetL. 
high quality laiuhskins and small (%'il fskiiis. 
heavy steer hides. 

light native steer hitles, and heavy hogskins. 
liair-seal .skins. 

light native sttsu* and cow hides, kipskins and 
cal f skins, 
shark skins, 

shcej) ami lanil>skins tanmsl with wool on 
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Table 20 — Continued. 


Types of Leathers 
Shoe-Upper (men’s dress) 


Shoe-upper (women's dress) 


Shoe-upper (workmen’s) 

Skirting 

Skiver 

Slipper 


Sole leather (chromc-rctanned) 

Sole leather (chrome-tanned) 

Sole leather (finders’ vege- 
^ table-tanned) 

Sole leather (manufacturers’ 
vegetable-tanned) 

Sole leather (white alum- 
tanned) 

Stirrup 

Strap 

Suede 


Suspender-strap 


Textile 


Upholstery 

Valve 

Volley-ball 

Waist-belt 

Wallaby 

Wallet 

Washer 

Welting 

Wliip 

Wrist-watch strap 


Types of Raw Stock 

calfskins, kipskins, light native cow hides, 
goatskins, kangaroo skins, horse butts, hog- 
skins and others. 

goatskins, kidskins, light calfskins, slunks, 
sheepskins, cabretta skins, hair-seal skins, 
reptile skins, ostrich skins and many others, 
country cow hides, horse hides and splits, 
light and heavy native steer hides, 
sheepskins. 

sheepskins, calfskins, deerskins, rabbit skins, 
goatskins, cabretta skins, cow hides and 
others. 

light steer hides and light and heavy cow 
hides. 

bull hides, light steer hides and light and heavy 
cow hides. 

heavy bull and steer hides. 

bull hides and light and heavy steer hides. 

light steers. 

light native steer hides, 
light native steer hides and light and heavy 
native cow hides. 

best from calfskins, calf slunks and kangaroo 
skins; cheaper grades from light native cow 
hides, kipskins and sheepskins, 
light native cow hides, kipskins, calfskins, 

horse fronts and hogskins. 
light and heavy native steer hides and cow 
hides. 

bulls, heavy native steer hides and cow hides 
and splits. 

light cow hides, calfskins and sheepskins, 
light cow hides, kipskins and calfskins, 
light native cow hides, kipskins, calfskins, 

shark skins, hogskins and many others. 
Australian wallaby skins, 
hair-seal skins, calfskins, goatskins, sheepskins, 
hogskins, cow hides and many others, 
cow hides and splits, calfskins and sheepskins, 
cow hides and hog strips, 
cow hides, calfskins, goatskins, sheepskins and 
shark skins. 

cow hides, calfskins, hair-seal skins, ostrich 
skins, hogskins, reptile skins and many others. 
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Chapter 7 

Handling Raw Stock as Received at the Tannery 

The preceding six chapters represent the miniinuni that a iviodcrn tanner 
should know before purchasing hides and skins for making specific tyi)es of leather. 
Having purchased them, he must be prepared to receive them and know wliat to do 
with them upon arrival. 

The Hide House 

A hide house may consist merely of a cool cellar wliere raw stock may be ke])t 
for a week or more without danger of spoiling, or it may be an ela])orate 1)uil(Tmg 
including cold-storage facilities. In any case, it shonld |)rovi<le ample storage 
space with easy access to all piles of raw stock and allow fretMiom of movement 
for workmen to open hide bundles, examine and grade tlic stock and make it into 
packs for the tannery according to kind and qnality. It sliould «'ilso provi<le si>ace 
for recuring when this is deemed advisalde. It sliould be ke|)t cool and scrupulously 
clean at all times. It should lie so arranged as to allow frequent ck^aning and dis- 
infection of floors and walls. If cold-storage facilities arc [irovifled, raw stock can 
be stored for very long periods of time. 

Immediately upon arrival at tlie tannery, the raw stoific should be moved to 
the hide house, lug. 87 shows hide bundles being weigluul a.nd taken from freight 
car as received at tlie tannery. If the stock lia.s been im[)ortt*(l from restricted 
countries, the regulations of the Bureau of Animal Industry given in Ckiapter 4 
should be followed explicitly. In the case of domestic green, salted stock, each 
bundle should be 0 [)ened and the hides or skins t‘xamined carefully for damage as 
soon as possilde after they reach the hide house, i f claims are to 1 h* made for dam - 
ages or inferior quality, the sooner they are made tlie better. 

It is good practice to keej) a careful record of eacli purcliase of hides or skins 
and to assign to it an identifying number or letter. Uptm optaung i‘aeli liimdle, 
some tanners have each hide or skin weighed, and then stamp in the head or tail 
the purchase number or letter and the weight. If a hide is latm’ to be cut into 
sides, the designating stamp is placed on both sides of the baekhone line, hlaeh 
stamp is made of steel with tlie letter or number formed by sharp teeth, whieli leavt* 
an identifying mark tliat is still sharply defined on the finished leather, iiy using 
one letter and two numbers to represent a purcliase order, 26df) jmreliase t>r(U*rs 
can be covered before the designations begin to repeat, and this usually nu*ans JfjOO 
carloads of hides or skins. The stamps are usually set into a hokier cupablti of 
taking three to five stamps; this, fornns part of a hammer like tliat shown in h'ig. 88 
with wliicli the stamping is done. Many tanners use a foot power stamiiing 
machine like tliat shown in Fig, 89. 

Later on in the tannery, the necessary reassortments into packs may cause 
hides or skins from different purchase orders to be mixed, but the tanner with 
a little pocket notebook of purchase order numbers cun identify any Iiide or skin 
l)y its identification immber. For example, he may pick up a hide after tanning 
and note the stamp 97(152 in tlie tail. He knows at oiua- that it was i)art of the 
purchase order designated 97G and that it weiglied S2 poumls unon arrivrd. VVhiMi 
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tlic leather is ready for sale, he will get yield values for all stock stamped 97G 
as well as quality records. Iii this way he builds up a huge fund of information 
relating yield and quality with his purchases of raw stock and acquires experience 
in selecting his sources of raw stock that he could never find in books. 



Courtesy lindicoft-Johnsoii Corp. 

Inc. 87. Hide Ihindlcs Being Weighed and Taken from Freight Car as Received at 

the Tannery. 

The stamp is usually placed close to tlie edge of head or tail so that it can be 
cut away from tlu^ finished leatluu' after (Inal assortment with negligible loss. 
Sometimes this stamping is done only at the tail edee. lea.vinf»* tho h^uA -for 
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other iclentihcation stamps to indicate special procedures in any of the operations 
of the tannery. 

After all the bundles from a given shipment have been opened and examination 
has been completed, piles of the raw stock are made according to kind, weight, 
damage and general quality, so that each pile contains as nearly as is practical 
the same grade and weight of stock. All pieces in any one pack entering the tan- 
nery should be as nearly alike as possible, as this makes for uniformity of results 
in each operation. 



Courtesy B. D. Bisendrath Tanning Co. 

Fig. 90. Bundles of Calf Skins as Received at the Tannery. 

In examining the incoming stock in the hide house, the workmen should be 
alert to note anything requiring prompt attention. If there are signs of putre- 
faction, the stock should cither be rushed through the tannery quickly or be sent 
to be recured at once. In rccuring, the object is to get plenty of clean salt into 
every part of every hide just as quickly as possible. If portions of a hide have 
dried out, the dried areas should be wet thoroughly with saturated salt solution 
and allowed to lie in the piles to condition. If there is any evidence of heating 
when the bundles are opened, the stock should be spread out to cool. The inspection 
of incoming hides is so important that the tanner should either do it himself or 
trust it only to a man of proved experience. 

Fig. 90 shows a shipment of bundles of calf skins as received at the tannei'y. 
Fig. 91 shows the men at work on calf .skins in a hide cellar, grading them into 
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piles according' to their suitability for given (pialities ot shu-k and taking caia* ol 
those requiring prompt attention. 

There may he many reasons for storing calf skins before putting them through 
the tannery, if a tanner has the facilities for keeping them properly and the funds 
necessary to carry them. He may have an opportunity to jnirchase stock advan“ 
tageously that he knows he will need at .some futtire time. In Cha|)ter 1, it was 



Courtesy 77u' Ohio I rttiher Co. 

Fkj. 91, Workmen Selecting Calf Skitis in a llkle Cdlur, 


imintcd out that domestic calf skins from animals slaughtered in hot, stimmer 
weather produce much finer leather than those from animals slaughten*d in cold, 
winter weather, and the reason for thivS was given. It is thus greatly to the advan 
tage of a calfskin tanner to get all his raw stock for llu* year from suiiimer kill 
and he may have to have cold-storage facilities to do this economically. When 
stock is moved into cold storage, it i.s important to dissiiiate its lieat lieforc it is 
left there in its final piles. As hides and skins are powerful insulators against 
heat and cold, the pieces in the middle of large piles would not cool in storage for 
a very long time, nnl<‘ss they were frequently tnrne<l over to allow each indivirlual 
piece to become cold. Chemical and bacterial reactions in the midfile of a large 
fiilc wliich remained warm wouhl produce heat which might gradually ruin tlic 
wliole pile. It is thus important to repile the stock fre(|tiently until every piece is 
cold lieforc allowing any piles to stand for very long pmdods. 

In cold storage, it is important to guard against eKCt‘ssive drying of the exposed 
portions of a pile, because clriefl areas cannot be W(‘t liack in the tannery nearly 
so readily as the undrusl areas, and poor Ie*athcr lacking in uniformity would resttit. 
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Fig. 92 shows piles of calf skins in cold storage. Fig. 93 shows mechanical equip- 
ment for moving raw stock in a modern hide house. 

Most of the goat skins tanned in this country are imported as dried skins, and 
these do not require cold-storage facilities for safe keeping. However, it is 
important to guard them against water while in storage. If they are allowed to 
become wet, chemical and bacterial reactions set in which liberate heat which would 
destroy them, if not stopped in time. The same may be said for any dried stock. 

If kept cool, pickled sheepskins can be kept for a very long time without dam- 
age, but when warm they may deteriorate rather rapidly. Before leaving them 
for a long time in cold storage, it is important to make sure that the piles are cold 
throughout. It is also very important to guard them against water which might 
wash away some of the salt and subject them to rapid destruction by the acid which 
they contain. Pickled stock as received at the tannery has already been unhaired, 
and so docs not go through the same operations as stock received with the hair on. 



Courtesy The Ohio Leather Co. 

Fig. 92. Calf Skins in Cold Storage. 


In this and the next chapter, we shall consider tannery operations only of green, 
salted and dried stock having the hair still on it, and from which the hair is to be 
removed. 

In the hide house, individual packs of hides or skins are made up for entry into 
the tannery. Each pack contains individual pieces as nearly alike as is practical. 
Although individual packs may vary in size, it is desiralde to have them as uniform 
as pos.sible. When the vats in the beamhouse have a total capacity of 2500 gallons, 




CtfHttcsy lindfi’ott-Jtthnstm Carp. 

Fig. 93. Mechanical Equipment for Moving Haw Stock in Motlcrn Hide llcmse. 

hor packer hides cut to correct or .staiulard pattern, tliis preliniinary triinining 
is not necessary, althougli some trimming is nsimlly done after the* stock has hnm 
imhaircd. Dried stock is not trimmed until after it has been soaked. 

Soaking 

Tlic first major oi>eration after tlie stock enters tlie tannm'v is smiking. Tins 
operation has two purposes: tlie first is to wash from tlu; stock tlie water-soluble 
material that might otherwise cause difficulties in later oiierations, and tlie second 
is to cause the fillers to absorb water to r<*store them to their normal sizes and 
shapes. Although the purpos<‘s are simple, their accomplishment is often fraught 
witli serious (litfamlticss. 
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it is common practice to make up packs of green, salted stock to 5000 llis. each and 
dried stock to 2500 lbs. each. 

Trimming 

In flaying calfskins, the ears, hoofs, and tails are often left on the skins, and 
these are first removed liy the operation known as trimming. Fig. 94 shows men 
at work trimming calfskins. Each skin is laid over a rounded wooden beam, and 
the workman, using a two-handled, two-edged, rounded knife cuts away those por- 
tions that have no value in leather making. Those trimmings are sold for manu- 
facture into gelatin. Calfskins are usually weighed into standard packs after 
trimming. 
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Courtesy B. D. Eiscndrath Tanning Co. 
IOg. 94. Workmen Trimming Calfskins on the Beam. 


Besides the salt used in curing, the water-soluble matter in the raw sstock con- 
tains soluble proteins from the blood and lymph, some of which are coagulable. 
The solu])lc proteins extracted by water furnish excellent food for bacteria, which 
multii)ly at an enormous rate and constitute a menace to the stock during the soak- 
ing period. The removal of these soluble proteins during soaking is complicalted 
l)y the epidermis, which is not permeable to them, and by occasional layers ot^ 
adipose tissue on the ilesh side, through which they can pass only with difficulty. 


1 2 ® 4 



Courtesy Eastman Kodak Co. 


Fig, 95. Four Stages in the Drying of a Cube of Gelatin Jelly. 

During the drying of hides and skins, the fibers suffer a change of shape, as 
well as of size, depending upon the resistance to shrinkage in any direction, the 
rate of drying and many otlier factors. In curing, similar changes occur, although 
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Courtesy Eastman Kodak Co. 


Fig. 96. Three Stages in the Drying of a Sphere of Gelatin Jelly. 

they are not nearly so marked as in complete drying. Physically, a hide fibril 
may be likened to a thread of gelatin jelly. Studies of gelatin jellies, which can 
be carried out simply, often reveal facts about hide fi])crs and fibrils that could 
otherwise be obtained only with extreme difficulty. A better apiireriation of the 
changes in size and shape of hide fibers during drying or curing can lie obtained 
by studying the results of some experiments on gelatin jcJlics by Dr. S. hk She[)pard 
of the Eastman Kodak Co. 



Courtesy Eastman Kodak Co. 


Fig. 97. Two Cylindens of Gdatiu jolly Drinl with One :mil Two lou'es, KesiH'rtivt'Iy, 

Adhering to Kigid Surfaces. 

Fig. 95 .show.s four .stages in the drying of a ciihe of dl) per cent gelatin jelly 
which was freely su.spcnded in the air. No. 1 reiircsents the origin.'il Idoek of jelly, 
Nos. 2 and 3 intermediate .stuge.s in the drying, and No. 4 the dried liloek. At' fir.st 
the drying naturally proceeds mo.st rapklly at the corners, or trihedr:d angles, an<l 
the faces of the cube become curved outward, a.s .shown in No. 2, giving convex 



Courtesy Eastman Kodak Co, 


hiG. 98. b.nd Views of Dried i’ybndcrri of <ielatin Jelly Shown in Mg, 97. 
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surfaces under tension. This is rapidly followed by the drying and hardening of the 
edges, forming a rigid framework, so that the bulk of the jelly now behaves as 
though suspended inside of a rigid wire frame. The faces now gradually recede 
and the edges ])ecome somewhat incurved until a sort of inner cube is formed with 
connected flanges reinforcing it, any cross-section through this having an I-beam 
structure, as though the drying proceeded in a manner developing the greatest 
resistance to stress. The flange-like edges appear to form sections of hyperboloids 
with a common focus at the center of the cube. Fig. 96 shows three stages in the 
drying of a sphere of gelatin jelly. Even here the drying is not uniform, but the 
surface becomes puckered and wrinkled. 



Courtesy Chas, H. Stehling Co. 

Fig. 99. Typical Urum Used for Washing Hides and Skins P>efore Soaking. 

The dried forms of two cylinders of gelatin jelly are shown in Fig. 97 and their 
end views in Fig. 98. One base of the first and both bases of the second cylinder 
were allowed to adhere to rigid surfaces during the drying. The shrinkage in 
area of these liases being prevented, the reduction in volume had to be compen- 
sated by greater shrinkage in other directions. In the drying of a thin coat of 
gebatin jelly on a glass plate, the shrinkage takes place almost entirely in the direc- 
tion perpendicular to the plane of the glass surface. 

Upon soaking dried blocks of gelatin in water, the swelling proceeds in tlie 
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direction counter to that followed during drying and the blocks tend to assume 
the shapes and sizes they possessed before drying. 

During the drying of skin, the distortion of shape suffered by the insoluble 
protein constituents are further complicated by the tendency for the fibers to 
cohere. 

Soaking Green, Salted Calfskins 

Before discussing the factors which may complicate the soaking operation, the 
complete operation will be described for high-grade, green, salted calfskins under 
conditions where these complications arc at a minimum. The procedure follows : 



Cmtttcxy Ihulu'ott \ttihnsm Carp, 


hho. 100. Putting Hides into Large Washing and (Conditioning Drum from Upper Floor. 

Put a pack of calfskins into a wash drum, like that shown in Mg. 9*). This <!rum is 
made of cypress wood, has an outside diameter of 8 ft. am! a width of S ft., 4 in. 
and rotates with a spc‘ed of 17 revolutions per minute. It is equipped with a water 
pipe allowing a heavy flow of wat(‘r to pass oven- ami tlinmgh the skins while the 
drum is revolving. The inside of tlie drum is ecjuipped with woodtm |)egs which 
pick up the stock ami allow it to drop back repeatedly while the <lniin is running. 
The wash water flows out through the open side of the drtun. The .stock is washed 
in running water in this drum until the outflowing water looks dt‘ar and no longer 
bloody and dirty from material being washed from the skins, llie time required 
to reach tlii.s stage is about 5 minutes, h'x'cessive nmning of the stock at this 
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stage should be avoided because it may produce distortions in the skins that appear 
in the final leather as a looseness of structure. 

Figs. 100 and 101 show a large drum used for washing and conditioning heavy 
hides as received. The stock is put into the drum from the upper floor, as shown in 
Fig. 100 and removed on the lower floor, as shown in Fig. 101. 

After washing, throw the calfskins, one by one, into a vat of clean water at a 
temperature of 52 °F. and leave them there over night. Under favorable con- 
ditions, the temperature of the water will rise only about 2 over night. Next 
morning haul out the stock and flesh it on a good fleshing machine, to be described 



Courtesy EndicoU- Johnson Corp. 


Fig. 101. Kenioving Hides from Large Washing and Conditioning Drum on Lower Floor. 

later, and then throw the skins back, one by one, into a vat of fresh, clean water 
at a temperature of 52 °F. and leave it until next day. Then haul out the skins 
again and throw them, one by one, into a third vat of fresh clean water at a 
temperature of 52 °F. and leave them thei'e over night. Next day, haul out the 
I)ack and move it to the department for unhairing. If warmer water is used, the 
time of soaking must be shortened. 

Fleshing 

Fig. 104 shows a modern flc.shing machine. Tt consists essentially of two long 
rolls, one of corrugated metal and tlie other of rubber; these grip the skin, with 
a pressure that can l)c regulated, and draw the flesh side of it across a revolving 
cylinder set with spiral Idadcs. The bladed cylinder can be seen in the picture 
between the two rolls. With the machine running, the workman inserts a skin to a 
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depth of more than one-half of its leng-th between the two rolls and with the flesh 
side under and facing the bladed cylinder. He then steps on the lever and the 
two rolls come together and force the skin outward. At the same time the revolving 
bladed cylinder presses on the flesh side of the skin backed by the rubber roll and 
cuts away the adipose and areolar tissues that constitute the flesh of the skin. All 
pressures on the machine can readily be adjusted by the operator. The machine is 
also equipped with a grinder enabling the operator to keep the blades on the cylinder 
sharp. 

The writer’s object in fleshing calfskins between soakings is to allow the fibers 
sufficient contact with water to bring them nearly to their normal sizes and shapes 


Courtesy The Ohio Leather Co, 

Fig. 1Q5. Workman Operating a Fleshing Machine in a Calf Tannery. 

so that the fleshing may be done reasonably uniformly, and yet to liave the fleshing 
done before soaking is completed to enable most of the soluble proteins to be 
removed before the unhairing operation. Soaking before liming facilitates the 
liming operation and makes it more uniform. In Europe, it appears to be cus- 
tomary not to flesh until after liming; most tanners of dried goatskins flesh after 
liming. 

Fig. 105 shows an operator fleshing calfskins in one calf tannery and Fig. 106 
shows a more intimate view of this operation in another calf tannery. 

The writer’s use of a temperature of S2° F. and a soaking time of 3 days for 
green, salted calfskins had its origin in a calf tannery using well water that had a 
constant temperature all year round of 52 °F. At this temperature, it was found 
necessary to soak the skins for a minimum of 3 days to bring the fibers back to 
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their normal sizes and shapes. It was also found that at 52 °F. under these con- 
ditions of soaking, there was no measurable bacterial damage done. It was found 
that the time of soaking could be shortened by raising the temperature to 60 ®F., 
but bacterial damage became appreciable and had to be guarded against. In tests 
on millions of skins, it was found that a temperature of 52 °F. and a soaking time 
of 3 days were ideal. If the soaking time was shortened at this temperature, the 
effect upon the fibers could be observed in the finished leather. 

Before proceeding with descriptions of other types of raw stock, it seems desir- 
able to acquaint the reacier with the effects of impurities present in natural waters, 
with bacterial action, with the use of antiseptics, and with the concept of pH value. 





Courtesy B. D. Eisendrath Tanning Co. 

Fig. 106. Close-up of the Operation of Fleshing Calfskins. 


Water 

Much has been written of the importance of a plentiful supply of pure water 
for a tannery. For most tanneries, the supply of water must be plentiful and it 
must not contain impurities that are injurious. Because of the complex nature 
of his business, nearly every tanner runs into occasional difficulties for which he is 
unable quickly to determine the cause. At such times, tanners have been known 
to suspect that their troubles were due to the hardness of the water used, and to 
install expensive water-softening systems, only to 'find that no improvement resulted 
from softening of the water. All tanners should have their water supplies ana- 
lyzed at intervals and be thoroughly familiar with their content of foreign materials, 
to guard against the possibility of dangerous impurities harming their stock; but 
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the writer’s experiences indicate that damage from impurities in natural waters is 
rather rare. He once had available in a calf tannery two large supplies of water, 
one a well water that was considered hard and the other a lake water that was 
considered fairly soft. Their analyses are given below : 


lake water well water 

(parts per million) 


Total solids 

148 

331 

Temporary hardness 

116 

250 

Calcium 

33 

50 

Magnesium 

10 

30 

Iron 

0.1 

0.: 

Aluminum 

1.0 

1.' 

Chloride 

8 

11 

Sulfate 

14 

79 

Silica 

8 

8 


Comparisons were made with these two waters in every operation in the tannery 
where water was used. In all the beamhouse operations, the results were identical 
In chrome tanning, there was no difference except when washing the chrome- 
tanned stock with running water for a long period, when the well water effected 
a greater degree of neutralization of the acid in the stock than the lake water. In 
vegetable tanning, there was no difference. In fatliquoring, there was a measurable 
difference ; the well water caused a greater precipitation of calcium and magnesium 
soaps, which are undesirable. In dyeing, the well water required a greater addition 
of formic acid. In fatliquoring, the difference between the two waters could easily 
be overcome by adding a small percentage of Calgon, or sodium metaphosphate, 
which prevents the precipitation of calcium and magnesium soaps; only just enough 
is required to combine chemically with the small proportions of calcium and mag- 
nesium present in the water. 

If appreciable percentages or iron are present in water, discoloration may occur 
when it is used with vegetable tanning materials ; but even here small proportions 
of Calgon will prevent discoloration by combining with the iron so vigorously 
that none is left available to combine with the tannins. The composition of water 
used in the tannery is very important, but decisions to change the composition 
should be made only after the effect of each constituent has been studied in relation 
to the operation for which it is to be used. For most natural waters used in soak- 
ing hides .and skins, the temperature of the water is more important than its chem- 
ical composition. 

Bacteria 

Hides and skins must be protected against the damaging action of bacteria 
from the time of the slaughter of the animals until after the hides are tanned. Hides 
and skins consist essentially of protein material, and the common action of bacteria 
on proteins is known as piitrefaction, which means making putrid, or rotten. In 
this action, the proteins are decomposed, with formation of foul-smelling 
reaction products. The fundamental action of tanning is to render hides and skins 
imputresciblef which means resistant to putrefaction. Bacteria are a form of plant 
life, which includes molds, yeasts and mildews, so small that they can be seen only 
with the aid of a powerful microscope, for which reason they are classed as 
microorganisms. Tanneries abound in microorganisms, which have been called 
the tanners’ invisible friends and foes. Although these microorganisms can do but 
little direct damage to the stock after it has been tanned, they can still live and 
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reproduce in wet leather. Molds and mildews can render leather unsightly, and 
must therefore be guarded against even after tanning. This subject will be dis- 
cussed in Chapter 14. 

The four great subdivisions of plant life are the Spermatophyta or seed plants, 
the Bryophyta or moss plants, the Ptcridophyfa or fern plants, and the Thallophyta, 
which include bacteria, yeasts, and -molds, the common microorganisms of the 
tannery. 



Fig. 107. Long Chains of Rod-shaped Bacilli from Tannery Soak Water. 

Magnification : 1600 diameters. 

The Thallophyta are simple plants which are never differentiated into roots, 
stems, and leaves. Those which contain chlorophyll are the Schisophyta or blue- 
green algae ; those unicellular plants which multiply by cell fission only and contain 
no chlorophyll are known as the Schizomycetes or bacteria. Those unicellular or 
multicellular plants which multiply by means other than simple cell fission and 
contain no chlorophyll are the Fungi, which include yeasts and molds, or mildews. 

A bacterium is a plant consisting of a single cell containing no chlorophyll and 
reproducing only by cell fission. Bacterial cells are usually one of three shapes. 
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spheres, straight rods, or bent rods. A spherical cell is a coccus) a straight rod a 
bacillus) and a bent rod a spirillum. Bacteria are so small that it is customary to 
take as the unit of measurement the micron, which is one-thousandth of one milli- 
meter. The dimensions of common bacteria range from 0.5 to 10 microns. A 
bacterium of average size might have a volume of one cubic micron, so it would 
take one trillion bacteria to fill the space of one cubic centimeter. Of all the liquors 
in the tannery, those most heavily laden with bacteria are the bate liquors and the 
highest count ever obtained in the author’s laboratories of a bate liquor was slightly 
more than one billion per cubic centimeter. This tremendous number occupies 
only about 0.1 per cent of the volume of the liquor and probably weighs not more 
than one milligram. 



Fig. 108. Rod-shaped Bacilli with Flagella from Tannery Soak Water. 
Magnification: 2700 diameters. 


Bacteria multiply by a process of cell fission. The cell grows until one dimen- 
sion has practically doubled, when it separates into two individual cells. Some 
bacteria produce spores in the course of their growth. The spore is usually much 
more resistant to destruction than the parent cell and the theory has been advanced 
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that spore formation is not a method of multiplication, but rather a protection 
ag'ainst unfavorable environment. 

During the multiplication of bacteria, the cells do not always become detached 
from each other, but often cling together forming characteristic groups which 
serve to identify them. Such group formation of long chains of rod-shaped forms 
is shown in Fig. 107, which is a photomicrograph of bacilli found in a used tannery 
soak water. The cells simply become elongated and then subdivide, but remain 
attached forming long chains. When spherical cells divide in this manner, forming 
long chains, they are called streptococci. When they form irregular clusters, they 
are called staphylococci and when they show a tendency to remain united in pairs, 
they are called diplococci. Spirilla very rarely occur in groups. 

Some bacteria possess organs of locomotion known as flagella. These are 
extremely thin protoplasmic threads and serve to propel the organism by means of 
a corkscrew motion. The bacilli shown in Fig. 108 are equipped with flagella. For 
any particular organism the size, number and arrangement are characteristic and 
serve to identify it. 

Buchanan has made an interesting calculation of the rate of growth of bacteria 
under ideal conditions. Probably most of the more active bacteria can grow to their 
full size and divide to form two individuals within thirty minutes. If it is assumed 
that this process continues for two days the number of bacteria growing from one 
initial cell will be 2 raised to the 96th power and their total weight more than one 
trillion tons. Of course no such bacterial masses could ever be formed because of 
the disappearance of available food and the production by the bacteria of substances 
hindering their own development. 

It is very important to the tanner to appreciate just how the bacteria do their 
damage. They are not equipped with any means for biting into the protein tissues 
and destroying them that way ; their action is much more subtle. They can utilize 
as food only material that is already in solution. The dissolved foods diffuse 
through the cell walls of the bacteria and the bacteria reproduce. In the course of 
their reproduction, chemical substances known as enzymes are formed. These 
enzymes are soluble in water and diffuse through the cell walls of the bacteria 
into the surrounding water. When the enzymes come into contact with the insol- 
uble protein of the hide fibers, they cause a chemical reaction to take place between 
the protein and water. This is known as hydrolysis, because the water takes part 
in the chemical reaction. The protein is broken down into water-soluble products, 
which diffuse through the cell walls of the bacteria, providing them with food for 
further reproduction and the production of more enzymes to do further damage 
to the hide fibers. The action of enzymes will be discussed in greater detail in 
Chapter 8 in connection with the hating operation. 

In putrefaction, the real damage is done by the enzymes which the bacteria 
produce and secrete in the course of their own reproduction. In order to prevent 
any appreciable bacterial damage in soaking, it is thus necessary to do one of three 
things: (1) destroy the bacteria, (2) create a condition unfavorable to their repro- 
duction and secretion of enzymes, or (3) create a condition unfavorable to the 
activity of the enzymes. 

Antiseptics 

One of the most powerful agents known to destroy bacteria is the chemical 
element chlorine. At ordinary temperatures and pressures, chlorine is a greenish- 
yellow, poisonous gas with a suffocating odor. Under pressure, it can be con- 
densed to a liquid, and it is usually sold in this form under pressure in metal 
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cylinders. In order to use it conveniently in treating tannery soak waters, it is 
important to have special equipment like that used by municipalities in chlorinating 
their drinking-water supplies. The writer has successfully used the chlorinator 
made by Wallace & Tiernan Co., Inc., Newark, New Jersey and shown in Fig. 109. 
The chlorine cylinder and a water line are attached to the chlorinator; by means 
of a system of controls any desired amounts of chlorine dissolved in water can 
be delivered to the soaking vats. 

In connection with the method of soaking green, salted calfskins given above, 
the writer made a quantitative study of the effects of chlorination. Using 44 parts 
of chlorine per million of soak water, or about 1 lb. to 2728 gals, of water, the 
average bacterial count after soaking for 24 hours was reduced from 12,000,000 
to only 28,600 per cubic centimeter, a decrease of about 99.8 per cent. However, 
when the temperature of soaking was maintained at 52 °F., no bacterial damage 
could be detected on any of the stock regardless of whether or not chlorine had been 
used. But when higher soaking temperatures were used, marked bacterial damage 
occurred which could be prevented entirely by the use of 500 parts of chlorine per 
million parts of water, added before putting the raw stock into the water. Larger 
amounts of chlorine than this should never be used except under the most careful 
control, because excessive amounts of chlorine water will damage the stock. Some 
tanners keep chlorinators installed in their soaking departments as a safeguard 
to use when conditions warrant it. Except for the initial cost of installation, 
chlorination provides a simple, cheap and very effective method of preventing putre- 
faction in the soaks, and permits speeding up the soaking by using warmer water. 

If the raw stock is initially in good condition and there is a plentiful supply of 
cold water, the writer prefers not to use any antiseptic at all, but to maintain 
temperatures of the soak waters between 50 ^ and 52 °F. and to replace them as 
frequently as may be necessary, extending the time of soaking as long as is required 
to get the stock fully and properly soaked, which means a minimum of 3 days. 

There are many effective antiseptics other than chlorine that may be used with- 
out having any special installation, such as sodium bifluoride, sodium hypochlorite, 
parachlormetacresol, borax and even strong salt solutions, although the cost in the 
long run may exceed that of chlorine plus the cost of installing a chlorinator. In 
the case of hides and skins from restricted countries, as described in Chapter 4, 
either sodium bifiuoride or sodium silicofluoride must be used as antiseptics in the 
soak water, or else the used soak waters must be sterilized. 

pH Value 

The making of leather involves a long series of exceedingly complex chemical 
reactions, but tanning as an art was highly developed thousands of years before the 
science of chemistry was known. Even today, most tanners have little or no 
knowledge of chemistry, but they are quick to take advantage of improvements 
in practical procedures brought about by the rapidly increasing knowl- 
edge of chemistry, even when they cannot comprehend the complex fundamental 
theories on which the improvement was based. Every operation in the tannery 
involving the use of water is enormously influenced by the acidity or alkalinity of 
the watery solutions used. The pH value of a solution is the measure of its active 
acidity or alkalinity. 

Since this book is written for readers with no knowledge of chemistry, it 
would be out of place to discuss the complex theories on which the concept of pH 
value is based. Moreover, it is not necessary to understand this concept in order 
to measure pH value and control it accurately and intelligently. Just as tanners 
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with no knowledge of thermodynamics have learned the necessity for keeping 
temperatures of their liquors within certain narrow ranges by measuring them 
and noting the results, so they have learned the necessity for keeping the pH 
values of their liquors within certain narrow ranges by the same process. Most 
successful tanners today measure and control pH values rigidly. 

In the March 12, 1932 issue of Hide & Leather, the writer published a paper 
for practical tanners on ‘‘The Mystery of pH Value” and so many claimed to be 
benefited by that portion of the paper dealing with the pH scale that it is repro- 
duced below: 

The pH Scale 

“When any acid is dissolved in water, its molecules break up into smaller particles 
which we call ‘ions'; there are always two or more kinds of ions, but one kind is 
always ‘hydrogen ion,’ which is characteristic of all acids, bor example, a molecule 
of hydrochloric acid breaks up into one hydrogen ion and one chloride ion.^ A molecule 
of sulfuric acid breaks up into two hydrogen ions and one sulfate ion. Ihe hydrogen 
ion is the active one in all acid solutions. 

“When any alkali is dissolved in water, its molecules break up into ions, one of 
which is always a hydroxide ion, which is characteristic of all alkalies. 

“A strong acid is one in which a large percentage of the molecules breaks up into 
ions; for example, in a tenth-normal solution of hydrochloric acid, out of every 
thousand molecules present 948 are broken up into ions and 52 left as undissociated 
molecules. Now, if we take the same concentration of acetic acid, out^ of every 
thousand molecules, only 13 are ionized and 987 remain undissociated. For this strength 
of acid solution, the hydrochloric acid contains 948/13 or 73 times as many hydrogen 
ions as the acetic acid solution, although the same total number of molecules has 
been added to the water. P'or this reason, we call hydrochloric a strong and acetic 
acid a weak acid. By titrating equal volumes of the two solutions, ^ in the analysis 
for total quantity of acid, we find exactly the same quantity of acid in each, but the 
hydrochloric acid solution is 73 times as active because it contains 73 times as many 
hydrogen ions. 

“Similarly, a strong alkali is one in which a large percentage of the molecules 
break up into ions in solution; for example, in a tenth-normal solution of sodium 
hydroxide (caustic soda), out of every thousand molecules present 929 are broken 
up into ions and 71 left as undissociated molecules. Now, if we take the same con- 
centration of ammonium hydroxide (ammonia), out of every thousand molecules, only 
13 are ionized and 987 remain undissociated. For this strength of alkaline solution, 
the sodium hydroxide contains 929/13 or 71 times as many hydroxide ions as the 
ammonia solution, although the same total number of molecules has Iieen added to the 
water. For this reason, we call sodium hydroxide a strong and ammonium hyrlroxide 
a weak alkali. By titrating equal volumes of the two solutions, in the analysis lor 
total quantity of alkali, we find exactly the same quantity of alkali in each, but the 
sodium hydroxide solution is 71 times as active because it contains 71 times as many 
hydroxide ions. 

“The_ ionization percentages given are for tenth-normal solutions only; the per- 
centage ionization varies with the concentration, being greater the more dilute the 
solution. When the hydrogen ions or hydroxide ions present in acid or alkaline solu- 
tions are removed from solution by neutralization, some of the unclissociatcd molecules 
break up to effect a partial replacement of the hydrogen or hydroxide ions. In the 
case of the strong acids or alkalies, there is very little reserve of undissociated mole- 
cules to draw upon, while solutions of the weak acids or alkalies have relatively large 
reserves of undissociated molecules. For this reason, variations in concentration have 
relatively much less effect upon the activity of weak acids and alkalies tlian upon 
the activity of strong ones. 

“Ions are electrically charged atom.s or grouns of atoms and are always associated 
with other ions of opposite charge of cciuivaiem value. In a solution of hydrochloric 
acid, each hydrogen ion is associated with a chloride ion. Each hydrogen ion possesses 
one charge of positive electricity and each chloride ion one charge of negative elec- 
tricity. A sodium hydroxide molecule breaks up into a positively charged sodium ion 
and a negatively charged hydroxide ion. Tons of opposite electrical charge cannot 
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be seppated from each other under any ordinary conditions because of the powerful 
attraction of opposite electrical charges for each other. This makes it impossible to 
stock and use alone either hydroxide ions or hydrogen ions. We do not alter pH 
values by adding either ion alone, but by adding some material that furnishes one or 
the other kind of ion when dissolved in water. 

“Hydrogen ion and hydroxide ion unite chemically to form neutral water. Thus 
H'^+0H~=H20. Water is really a compound of equivalent amounts of acid and 
alkali. However, it is dissociated into ions to an extremely small degree. This dis- 
sociation is represented by the equation [H"^] X [OH“] =0.000,000,000,000,01, where 
[H^] represents the number of grams of hydrogen ion in a liter and [OH"] represents 
the equivalent number of hydroxide ions. (A hydroxide ion weighs 17 times as much 
as a hydrogen ion.) Thus the number of free ions in pure water is relatively very 
minute. 

“If we increase [H’’*] one hundredfold by adding acid, we decrease [OH"] to 1 
per cent of its value. If we know the value of [H"^] in any solution, we can calculate 
tlie^ value of [OH"] from the above equation. Thus, in order to calculate either the 
active acidity or the active alkalinity of any solution, we have only to measure the 
value of [H"*"], which can be done either with the glass electrode or by means of standard 
solutions of indicator dyes. 

“A tenth-normal solution of hydrochloric acid contains 0.0948 gram of [H'*’] per liter. 
A tenth-normal solution of sodium hydroxide contains 0.000,000,000,000,01/0.0929 or 
0.000,000,000,000,108 gram of [H'^] per liter. It is awkward to use such tiny numbers 
and a range so great as that to be found in ordinary tannery liquors. Scientific men are 
usually mathematicians and find it much easier to use the logarithms of these numbers 
instead of the numbers themselves. The logarithm of 0.0948 is —1.02; the logarithm, of 
0.000,000,000,000,108 is —12.97. Since practically all solutions used in practice have 
negative values for the logarithm, it is convenient to drop the minus sign in front of the 
logarithm. The number then becomes what has been defined as the pH value of the 
solution. The “p” stands for pressure or activity and the “H’’ for hydrogen ion. We 
may then define pH value as —log [H’^']. 

From this we construct the pH scale. In pure water, [H"^] = [OH"], or [H"^] = 
0 000,000,1. Log [H‘^] = — 7.0. The neutral point on the scale is thus taken as 7. When 
the pH value is higher than 7, the solution is alkaline; when lower than 7, it is acid. 
In making thermometers, some arbitrary value is taken as zero; temperatures above 
this point are denoted by plus signs and lower temperatures by minus signs. It would 
probably have suited the tanner better to have taken the neutral point of a solution as 
pH = 0, denoting increasing acidity by plus signs and increasing alkalinity by minus 
signs. He would then have been able to call the pH value of a tenth-normal solution 
of hydrogen ion 4-6 and the pH value of a tenth-normal solution of hydroxide ion -;6, 
indicating the absolute value of the number increasing with increasing acidity, with 
plus signs, and the number increasing with increasing alkalinity, with minus signs. 
However, the present pH scale is so universally used that the tanner may as well accept 
it, even though increasing acidity is indicated by decreasing pH value. 

“A solution containing one gram of hydrogen ion per liter has a pH value of zero; 
0.1 gram per liter a pH value of 1; 0.01 gram per liter a pH value of 2; O.OOl gram 
per liter a pH value of 3 ; 0.000, 1 gram per liter a pH value of 4; 0.000,01 gram per liter 
a pH value of 5 ; 0.000,001 gram per liter a pH value of 6 ; and pure water, which 
contains 0.000,000, 1 gram of hydrogen ion per liter a pH value of 7. 

“A hydroxide ion weighs 17 times as much as a hydrogen ion and so pure water con- 
tains 0.000,000,1 gram of hydrogen ion and 0.000,001,7 gram of hydroxide ion per liter. 
A solution containing 0.000,017 gram hydroxide ion per liter has a pH value of 8; 
0.000,17 gram per liter a pH value of 9; 0.001,7 gram per liter a pH value of 10; 
0.017 gram per liter a pH value of 11 ; 0.17 gram per liter a pH value of 12; 1.7 gram per 
liter a pH value of 13 ; and a solution containing 17 grams hydroxide ion per liter a pH 
value of 14. Thus the entire range of pH values found in the tannery are covered by a 
range of numbers from 0 to 14. 

“A drop in pH value of 1.0 means that the amount of hydrogen ion has been increased 
tenfold; a drop of 2.0 that it has been increased one hundredfold; a drop of 3.0 that it 
has been increased one thousandfold, etc.^ A rise in pH value of 1.0 means that the 
concentration of hydroxide ion has been increased tenfold; a rise of 2.0 one hundred- 
fold; a rise of 3.0 one thousandfold, etc.” 
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Origin of Name 

Many tanners express curiosity as to how the name pH was derived. In the 
quantitative development of theories of physics and chemistry, it had become cus- 
tomary to represent the pressure or activity exerted by molecules or ions in a given 
system by a small p (for pressure) placed before the chemical symbol for the mole- 
cule or ion. The symbol for hydrogen is H, and so the activity of the hydrogen ion 
was represented by pH. 

Colorimetric Measurement of pH Value 

The original measurements of pH value were made with what is known as a 
hydrogen electrode; but, based upon hydrogen-electrode measurements, many new 
and much easier methods have been developed. For most tannery liquors, an 
electrometric method is now used, employing what is known as the glass electrode. 
For soak waters and bate liquors, it is much easier and quicker to use the colori- 
metric method, in which certain dyes are used which change color with changing 
pH value. 

The colorimetric method will be described for the LaMotte Block Comparator. 
The dye indicators used, the pH ranges covered by each and the color changes are 
listed in Table 21. 


Table 21. Dye Indicators and pH Ranges of Color Changes. 


Indicator 

Acid Cresol Red 
Meta Cresol Purple 
LaMotte Yellow 
*Alpha (2:4) Dinitrophenol 
Bromphenol Blue 
Bromcresol Green 
*Ganima (2:5) Dinitrophenol 
Methyl Red 
Chlorphenol Red 
*Para Nitrophenol 
Bromthymol Blue 
Phenol Red 
Cresol Red 
’•‘Meta Nitrophenol 
Thymol Blue 
LaMotte Oleo Red B 
LaMotte Purple 
LaMotte Sulfo Orange 
LaMotte Violet 

* These indicators are for special work. 


pH Range 

Color Change 

0.2- 1.8 

Red- Yellow 

1.2- 2.8 

Red- Yellow 

2.6- 4.2 

Red- Yellow 

2.8- 4.4 

Colorless- Deep Yellow 

3.0- 4.6 

Yellow- Blue 

3.8- 5.4 

Yellow- Blue 

4.2- 5.8 

Colorless-Deep Yellow 

4,4- 6.0 

Red- Yellow 

5.2- 6.8 

Ycllow-Kcd 

5.4- 7.0 

Colorless-Deep Yellow 

6.0^ 7.6 

Yellow-Blue 

6.8- 8.4 

Yellow-Red 

7.2- 8.8 

Yellow-Red 

7.2- 8.8 

Colorless-Deep Yellow 

8.0- 9.6 

Yellow-Blue 

8.6-10.2 

Yellow-Red 

9.6-11.2 

Purple-Red 

11.0-12.6 

Pale Yellow-Deep Orange 

12.0-13.6 

Red-Blue 


For many years before the tanner had ever heard of the concept of pH value, he 
used litmus to determine whether a liquid was acid or alkaline. For pH values 
below 6.2, litmus turns red in color, indicating the presence of acid; for pH values 
above 8.0, litmus turns blue in color, indicating the presence of alkali. Between 
the pH values of 6.2 and 8.0, litmus is actually unreliable as an indicator and so is 
not used in modern practice. 

The indicators listed in Table 21 are all very reliable over the ranges of pH 
value given; at pH values below the range, the indicator has the color shown to 
the left and at higher pPI values, the color shown to the right. For example, below 
6.0, Bromthymol Blue has a yellow color, but above 7.6, it has a blue color. 
Between 6.0 and 7.6, it is a mixture of yellow and blue, or green. As the pH value 
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is raised gradually from 6.0 to 7.6, it changes quite gradually in color from yellow, 
through various shades of green to blue. By comparing the color with a standard, 
the pH value between 6.0 and 7.6 can be determined with an accuracy of 0.1. Each 
indicator covers only the pH range indicated. By selecting a sufficient number of 
indicators, the tanner can cover the range from 0.2 to 13.6, which is a far wider 
change than is ever found in a tannery. 

Until a tanner becomes familiar with the pH ranges of his liquors, he must try 
one indicator after another until he finds the one that covers the range, but this can 
be done very systematically. Suppose, for example, that he had a liquor with a 
pH value of 4.7, but not knowing what it was, he used Bromthymol Blue. It would 
turn yellow, indicating a pH value of 6.0 or lower. He would then make a test 
with Chlorphenol Red and it would turn yellow, indicating a pH value of 5.2 or 
lower. He would then make a test with Methyl Red and it would turn to a recl-to- 
orange color, and he would find it to match the Methyl-Red standard color for a 
pH value of 4.7. 

A typical LaMotte Comparator is shown in Fig. 110 with its cover being 
removed. Both cover and base are slotted to hold 14 small vials or tubes and a 
bottle of the indicator equipped with a pipette marked to deliver a volume of 
exactly 0.5 cubic centimeter. There is a separate Comparator for each indicator. 
For Bromthymol Blue, there are 10 hermetically sealed tubes, one of which con- 


Fig. 110. 

LaMotte Block Com- 
parator 



Courtesy LaMotte Chemical Products Co. 


tains distilled water and the other 9 solutions of the indicator at pH values of 
6.0, 6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4 and 7.6, respectively, thus showing a range of 
colors from yellow, through a range of greens to blue. There are also 3 empty, 
open tubes, each with a mark indicating a volume of 10 cc. 

When the cover is removed, it is placed on the table upside down as shown 
in Fig. 111. It is equipped with a frosted-glass window on one side and 3 slots 
on the other so that the colors of three pairs of tubes can be compared at one 
time. The tubes are used in pairs, because many liquors are turbid and it is neces- 
sary to have the same degree of turbidity for all samples being matclied. 

In order to make a measurement of pH value of a liquor, fill the 3 tubes with the 
liquor, to the 10 cc. mark, but into only one of them pipette 0.5 cc. of the indicator. 
Place them in a row in the 3 windowed slots, with the one containing indicator in 
the middle and in front of it, in the next row, place the sealed tube of distilled 
water. In the other two slots in the front row, place two of the color standards 
differing in pH by only 0.2, as, for example, the tubes marked 6.8 and 7.0. Look 
through the three pairs of tubes, holding them toward a window or any other 
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source of daylight, and change the color standards, if necessary, until the middle 
pair of tubes either exactly matches in color one of the other pairs or lies between 
them in color. If an exact match is obtained, the pH value is read directly from the 
standard tube. If the color lies between those of the pairs on either side, the pH 
value is taken as the average of the two standards. 



Courtesy LaMottc Chemical Products Co. 

Fig. 111. Comparator Set Up for Use. 


If the match is made with the standard of lowest or highest pH value in the set, 
the measurement should be repeated with the next indicator in pH range. No pH 
value should be accepted as final unless it lies between the extremes of the standards 
for any given indicator. Usually a test can he completed in a fraction of a minute. 
The electrometric nleasurement of pH value is described in Chapter 10. 

Soaking Dry Goatskins 

Of the more than 39 million goatskins tanned in the United States annually, 
about 97 percent arrive at the tanneries in the dried condition. Dried stock is very 
much more difficult to soak back properly than green, salted stock, and the problem 
is greatly complicated for goatskins because of the fact that the methods employed 
in drying them differ greatly in different parts of the world. Those that are hrvSt 
cured properly with reasonably pure salt and then dried present very little difficulty 
and can be soaked back satisfactorily in water alone. Those that are flint dried 
often require the aid of materials like caustic soda to aid them in absorbing water. 
Some skins are first treated with very impure salts containing alum and other 
materials that act as mild tanning agents, and then dried; they often cause very 
great difficulties in soaking and, later on, in unhairing. 

In order to be soaked properly, a dried goatskin should take up about 200 per- 
cent of its dry weight of water; that is, a 1-lb. skin should increase in weight to 
about 3 lbs. by absorbing water. In practice, this is rarely, if ever, attained. If 
a flint-dried Amritsar skin is soaked for 3 days in IS lbs. water per lb. of dry skin 
at 52 °F., it will absorb only about 30 percent of its weight of water ; but under 
the same conditions a dry, salted China skin may absorb 120 percent of its weight 
of water. If we soak each skin in pure water for 1 day, then for 1 day in water 
containing 1 lb. caustic soda per 100 lbs. dry skin, and then for 1 day in pure water, 
the Amritsar skin will take up about 80 percent of its weight of water and the 
China skin about 170 percent. A Bagdad skin will cibsorb an amount intermediate 
between the two. 
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If an excessive amount of caustic soda or other alkali is added to the soak 
water, the stock swells excessively against a resistance caused by the blood-vessel 
structure of the skin, and permanent strains are produced that persist even in the 
finished leather as an unsightly ^Svild grain.” 

Because of the difficulty with which dried stock takes up water, most goatskin 
tanners assist the takeup by milling the stock in a revolving drum between suc- 
cessive soakings. This causes a flexing of the stock which helps to separate fibers 
glued together and greatly facilitates the absorption of water. 

The simple procedure given above for green, salted calfskins can be used suc- 
cessfully by any tanner, although many tanners prefer to vary it by using warmer 
water for a shorter soaking time or with antiseptics ; but no such simple procedure 
can be laid down for goatskins because of their wide variations in condition. 
However, the following procedure will serve any tanner of dry goatskins as a first 
approximation, and he can readily learn by practice how to vary it for his different 
classes of stock. 

Into a 2500-gal. vat filled with clean water at 52 °F. put 1600 lbs. of dry goat- 
skins, one by one, and let them remain there for 24 hours. Then haul out the 
pack and run the water to the sewer. Put the pack into a revolving drum and 
wheel for 10 minutes to “break” the stock. Continue to run the drum while flushing 
the stock with a good supply of running water for 10 minutes, and then dump the 
pack. Refill the vat with clean water at 52 °F., add 16 lbs. of caustic soda and mix 
thoroughly. Put the skins back into the vat one by one and allow them to remain 
there for 24 hours. Then haul out the stock, run the used liquor to the sewer, 
refill the vat with fresh water alone at 52 ‘^’F. and put the skins back into it one by 
one, allowing them to remain there for another 24 hours. Then haul them out and 
send them on for the unhairing operations. 

For vats of other sizes, simply use the same ratio of stock to water as that 
given above. For various types of stock, tests should be made increasing or 
decreasing the amount of caustic soda used and increasing the time of soaking, 
taking care to replace the used water by fresh water every day. By putting a paddle 
wheel in the vat, the water can be changed satisfactorily without hauling out the 
stock. Before draining off the water, run the paddle for 2 minutes and then drain, 
refill, run the paddle 2 minutes and let stand. This is good practice either when 
extending the time of soaking or when speeding up the soaking by using warmer 
water. The frequent changing of the water is a safeguard against bacterial 
damage. 

Some tanners prefer not to use caustic soda, because of the danger of getting 
an excessive quantity into the stock, and soak for one day in water containing 
80 lbs. common salt per 100 gals, and then for two days in changes of pure water 
to remove the salt. Others use mild alkalies, such as borax or soda ash. The use 
of alkalies not only speeds up the absorption of water by the stock, but it also 
inhibits bacterial action, which is greatest in tannery soak waters at pH values 
between 6.5 and 8.0. When using alkalies, pH tests of the soak waters should be 
made at intervals; the amounts of alkali used should be such as to keep the pTrl 
value below 11 after the stock and alkali have been in contact for an hour or more. 
Some tanners do not soak their stock sufficiently, but rely upon the action of the 
lime liquors used later to complete the soaking action. However, all the writer’s 
experiences with all kinds of raw stock indicate that finer leather is always pro- 
duced by soaking the stock fully and well before allowing it to go to the lime liquors. 
Tanners should always be on the alert to use antiseptics in the soak waters when- 
ever conditions are such as to produce the slightest fouling of the liquors. 
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Fig. 112 shows a department in a goatskin tannery wliere goatskins are both 
soaked and limed in the same vats equipped with paddle wheels. Down the aisle 
to the right, in the background, a man can be seen pushing a truck of dry goatskins 
to the soaking vats. On the left of the aisle, a man can be seen hauling soaked 
skins out of a vat. At the left of the picture can be seen a truckload of skins ready 
for milling after soaking one day. 

As a rule, goatskins are not fleshed until after they have been unhaired. The 
general rules for soaking dry goatskins apply equally well to kangaroo skins and 
many other types of light, dry skins. 



Courtesy L, H. Hamel Leather Co. 

Fig. 112. Soaking Department in a Goat. skin Tannery. 

Soaking Green, Salted Heavy Hides 

Reasoning logically, heavy hides should be soaked for a longer period of time 
than calfskins, but many sole-leather tanners limit the soaking of heavy steer hides 
to one day because of the fear that bacterial action may occur in the middle of the 
hides and cause a depletion that will prevent the making of firm and solid sole 
leather. FTeavy hides that have not been well cured may be infected with bacteria 
throughout their entire thicknesses. Antiseptics do not penetrate heavy hides very 
rapidly, and bacteria deeply seated in a hide begin to multiply just as soon as enough 
salt has been leached out in the first stages of soaking. Improperly cured stock is a 
hazard at best, and it should be rushed through the soak vats and into the lime 
liquors as quickly as it can be done reasonably sati.sfactorily, flushing the stock with 
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running- -water in a revolving drum, cold water and antiseptic^. Sometimes it is 
desirable to soak such stock only for 1 day in strong salt brine .and then wash to 
remove the salt. 

If the facilities are available and it is desired to make sole or other heavy 
leather from choice, big-packer stock to be made into leather of highest quality, 
the writer recommends the following procedure. Upon receipt of the stock at the 
tannery, open the bundles and lay the hides out flat in small piles in cold storage, 
turning them over frequently to permit uniform and complete chilling. After they 
have been in cold storage for at least a week, put about 1000 lbs. at a time into a 
drum about 8 ft. in diameter and 5 ft. wide and geared to run with this load at 12 
revolutions per minute. The rounded pegs within the drum should not extend 
outward more than 6 inches. Fill the drum to the gudgeon with water at 52 °F. 
and run 3 minutes. Then put on the slatted door instead of the tight door, start the 
drum running and pass running water through the hollow gudgeon at a rate of not 
less than 100 gals, per minute. The temperature of this water should be about 
52 °F. and washing should be continued for 15 minutes with the drum running. 
Then the stock should be taken out for soaking. 

Fill a clean 2500-gal, vat with fresh water at 52 °F. and lay 5000 lbs. of washed 
hides into it one by one and leave them there for 24 hours. Then flesh the stock 
carefully and put it back into a fresh soak water made up exactly like the first. 
Every day, haul out the stock, run the used water to the sewer and make up with 
fresh water at 52 "^F. and put the stock back. Repeat this until the stock has been 
soaked for 5 days. When water warmer than 52 °F. must be used, the soaking 
period must be shortened accordingly. Then haul it out and send it to the lime 
liquors. Compared to the old-fashioned 1-day soak, this procedure produces finer 
leather of greater gains in appreciably less time in the subsequent tan liquors. 

Soaking Dry, Heavy Hides 

The proper soaking of dry hides is difficult only when it is of poor or varying 
quality. The following procedure will be found satisfactory for most^dry hides. 
Fill a 2S00-gal. vat with fresh water at 70 °F. and add 200 lbs. of salt, S lbs. of 
caustic soda and 1 lb. of chlorine. Mix well and put 1500 lbs. of dry hides into it 
one by one and allow them to remain there for 24 hours. Many dry hides arrive 
at the tannery folded over once along the backbone line. These go into the soak 
vat without attempting to unfold them. After soaking for 24 hours, haul out the 
stock and run the liquor to the sewer. Refill the vat with fresh water at 70 °F. and 
add 200 lbs. of salt, 4 lbs. of caustic'soda and lb. of chlorine and mix well. Unfold 
the hides so that they will lie as flat as possible and put them into this second soak 
liquor, one by one. After the stock has been in the second soak water for 24 hours, 
haul it out, run the liquor to the sewer and make up a third soak water exactly 
like the second and put the stock back into it for another period of 24 hours. Then 
haul out the stock and divide it into 3 equal parts. Put each part into a drum, 
like the one described above for packer hides, and run for 1 hour without adding 
any water. Then w^sh with a good flow of running water for 25 minutes. When 
all 3 parts have been washed, put them together again as a single pack. Make up 
a fourth soak water exactly like the third and put the stock back to soak for another 
period of 24 hours. Then haul out the stock and flesh it on the fleshing machine. 
If it still feels unduly firm and wiry, put it back into the drum and run it without 
water for from 5 to 30 minutes, depending upon the firmness. Then put the stock 
back into the soak vat with fresh water only at 52 °F. Haul it out daily and make 
up a fresh soak with water only at 52 °F. Continue this until the pack has been 
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soaked a total o£ 7 days or longer, if necessary to get it fully soaked. It is then 
ready to go to the lime liquors for unhairing. 

McLaughlin has successfully soaked all kinds of dry stock without the use of 
alkalies by soaking them first in solutions of from 80 to 160 lbs. of common salt 
per 100 gals, water for from one to two days followed by successive changes of 
fresh water to remove the salt and allow the stock to take up enough water. The 
same salt solutions can be used for several lots of stock. The salt greatly retards 
bacterial action and assists in the absorption of water by the stock. 

In all soaking operations, it would be well to keep in mind Figs. 95 to 98 
(p. 177-8). During partial drying, the fibers become distorted and must be made to 
reabsorb their normal contents of water in order to bring them back to their normal 
sizes and shapes. It is also yery important that they be freed as far as possible 
from blood and soluble proteins before they are put into the lime liquors. These 
materials not only tend to pollute the lime liquors, but must be removed at some 
stage before the tanning, or poor leather will result. When the soluble proteins 
dry, they act as a cement, gluing the fibers together and tending to make flat and 
hard leather. 

Excessive drumming and mechanical action should always be avoided because 
they may cause the production of loose and grainy leather. 
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Chapter 8 
Unhairing 

All the departments of the tannery in which the hides and skins, after leaving 
the hide house, are washed, soaked, fleshed, unhaired, bated and prepared for the 
initial tanning operations are known collectively as the beamhouse. It is an old 
name derived from the wooden beams, like those shown in Fig. 94, of Chapter 7, 
over which hides and skins were thrown to be trimmed, unhaired and scudded 
by hand. Actually, the washing, soaking and fleshing operations described in 
Chapter 7 belong to the beamhouse operations, as do also the deliming and bating 
operations to be described in Chapter 9. 

The primary object of the beamhouse operations is to rid the hides and skins 
of those portions that are not desired in the finished leather and to put them in 
proper chemical and physical condition for the subsequent processes. In order to 
make good leather, this must be done in such manner that no damage is done to the 
fibrous portion used in making leather nor to its natural structure, and the stock 
must be put in optimum condition for the tanning operations that follow. In the 
soaking department, the stock is trimmed, fleshed, freed from blood, dirt and water- 
soluble materials and restored to a natural condition by absorbing water. 

For making most leathers, the hides and skins must be freed from hair and 
epidermis and from the glands of the thermostat layer. These structures are made 
up of proteins of the class known as keratin. The fibrous portions to be converted 
into leather are made up of the class of proteins known as collagen. In trying to 
separate the keratin from the collagen without damage to the collagen, i^is impor- 
tant to recognize the differences in properties between these two kinds of protein. 
Both keratin and collagen can be destroyed by strong solutions of acids or alkalies, 
but acids destroy collagen more readily than they do keratin and alkalies destroy 
keratin more readily than they do collagen. For this reason, the separation is 
usually effected in alkaline solutions. 

If a calfskin is immersed in a solution containing 1 lb. of caustic soda per gallon 
of water, the hair will be quickly dissolved, but the true skin will not be irreparably 
damaged until long after all the hair is gone. The writer has unhaired calfskins 
in this manner and made fair leather, but the method is a dangerous one because 
strong alkali will destroy the collagen in the course of time. The pH value of such 
a solution is about 14.0. At this pH value, collagen becomes hydrolyzed or 
destroyed in the course of time, although hair and epidermis are quickly destroyed. 

Centuries ago, tanners discovered that a solution of lime can be used safely to 
separate hair from skin with relatively little damage to the skin. The reason 
for this is that lime has a limited solubility. If 1 lb. of lime (calcium hydroxide) 
is put into a gallon of water, from 99.4 to 98.5 percent of it will remain undis- 
solved, because the solution becomes saturated at about 0.006 lb. per gal. in 
water at the boiling point and at about 0.01 S lb. per gal. in water near the freezing 
point. A saturated solution of lime at 70 °F. has a pH value of about 12.5. It 
cannot be raised above this point by adding more lime because the excess will not 
dissolve. 
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Microscopic Study of Action of Limewater on Calfskin 

Because saturated limewater is so universally used in unhairiiig hides and skins 
it is of very great practical importance that the tanner be as familiar as possible 
with the action of limewater on raw stock. 

Wilson and Daub made a study, under the microscope, of the structure of 
calf skin during 7 months’ contact with saturated limewater. They cut the butt 
of a fresh calf skin into pieces 12X36 millimeters, soaked them in water at 
44.6® F. for 1 day, and then put them all into a closed jar containing 1 liter of 
water and 27 grams of calcium hydroxide, an amount sufficient to keep the solu- 
tion saturated at all times. The jar was kept in an incubator at 68° F. and pieces 
were drawn from it periodically. These were prepared for examination under 
the microscope by washing, dehydrating, imbedding, sectioning both vertically 
and horizontally, staining, mounting, and photographing. A second series was 
run in which the limewater was covered with a layer of toluene. Both series 
gave exactly the same results and both proved to be sterile, at least for 6 months. 
After 7 months the liquor without toluene showed a count of 1 per cc. ; only a 



hiG. 113. Horizontal Section of Calf Skin through Sebaccou.s Glands, 
(after soaking, before liming) 

Location: butt. 

Thickness ^ of .section: 30 microns, or 0.00118 inch. 
Magnification: 190 diameters. 
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Fig. 114. Horizontal Section of Calf Skin through Sebaceous Glands. 

(after 3 weeks’ contact with sterile limewater). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 190 diameters. 

single colony developed from 1 cc. on agar during 4 days’ incubation. We may 
thus infer that the changes occurring in the skin during the long contact with 
limewater were not caused by bacteria. 

The first action noticeable was a slow disintegration of the cells of the 
Malpighian layer of the epidermis. By the end of 5 days this action had proceeded 
far enough to permit the easy removal of hair and epidermis by scraping with 
a blunt knife. Little further change was noticeable until after the third week. 

For purposes of illustration, it was found best to use horizontal sections 
cut through the sebaceous glands. These were stained with Van Heurck’s log- 
wood and Daub’s Bismarck brown. Fig. 113 shows a section of the fresh skin 
after soaking in cold water for 1 day. In the center is a cross-section of a hair 
running nearly at right angles to the plane of the page. Just below it, to the left 
and right, is a pair of sebaceous glands, which furnish oil to the hair follicle. Sur- 
rounding both hair and glands are thin strands of elastic fibers. The dots are 
the stained nuclei of epithelial cells. 

Fig. 114 shows a similar cutting of the skin 3 weeks after being placed in 


204 


MODERN PRACTICE IN LEATHER MANUFACTURE 


the limewater. The glands have been attacked, and nearly all the epidermal cells 
surrounding the hair have disappeared, leaving it resting loosely in the empty 
follicle. 

The elastin fibers still show up sharply after 3 weeks, but begin to break down 
rapidly about the fourth week. In Fig. 115 the remnants of elastin fibers appear 
blurred. At the end of the fifth week the elastin fibers have entirely disappeared, 
as shown in Fig. 116. 



Fig. 115. Horizontal Section of Calf Skin through Sebaceous Glands, 
(after 4 weeks^ contact with sterile limewater). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification: 190 diameters. 


Many cell nuclei are still to be seen after 5 weeks, but are gradually destroyed 
and none are to be found after 3 months. The corneous layer of the epidermis 
and the hair appeared quite resistant to the action of lime for 15 weeks, but 
began to disintegrate slowly after this time, and had disappeared at the end of 
7 months. 

Tlie collagen fibers, or leather-forming portion of the skin, remained sharply 
defined for 5 months, after which they assumed a blurred and glassy appearance 
and were slowly being hydrolyzed. After 7 months the skin had apparently lost 
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its power to become fallen, or flaccid, when placed in neutral ammonium chloride 
solution. Pickling with sulfuric acid and salt caused it to shrink to a hard mass, 
resembling a dehydrated plate of gelatin. When tanned, it yielded a very thin 
and empty leather, indicating a very heavy loss of collagen during liming. 

Although there is a great difference in degree, saturated limewater actually 
hydrolyzes both keratin and collagen. The tanner should become familiar with 
the scientific term hydrolysis. It means ‘'the ' chemical decomposition of a sub- 



Fig. 116. Horizontal Section of Calf Skin through Sebaceous Glands. 

(after 5 weeks^ contact with sterile limewater). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 190 diameters. 

stance that occurs when water is absorbed by it, causing the formation of new 
substances.” When proteins are hydrolyzed, they react chemically with water 
and break down into other substances, many of which are soluble in water. 

Effect of Time and Temperature on the Hydrolysis of Skin and Hair by 
Saturated Limewater 

In order to get more quantitative data on the hydrolysis of skin and hair 
by saturated limewater, Merrill and Fleming prepared some purified calfskin, 
free from hair and some purified calf hair, frep fmm eVi'in 
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portions of dry skin or hair were dig-estcd with 100 cc portions of Hmewater 
containing an excess of undissolved lime for the periods of time and at the tem- 
peratures shown in Figs. 117, 118 and 119. In most laboratory research the 
centigrade thermometer is used instead of the Fahrenheit thermometer commonly 
used in the tannery. The equivalence in degrees is as follows : 


“ C . 

° F. 

5 

41.0 

10 

50.0 

15 

59.0 

20 

68.0 

25 

77.0 

30 

86.0 

35 

95.0 

40 

104.0 


In order to convert ° C. into ° F., simply multiply by 1.8 and add 32.0. 

At the end of the digestion period, each liquor was filtered and analyzed 
for its nitrogen content, from which the amount of protein dissolved was cal- 
culated. 



Time of Digestion in Days 

B'ig. 117. How the Hydrolysis of Hair by Saturated Limewater Increases with Both 

Time and Temperature. 

Fig. 117 shows that hair is continuously digested (dissolved) by limewater 
with time, but the rate of digestion is increased by increasing temperature. Pig. 
118 shows that the same is true for the skin, but a startling increase in digestion 
takes place when the temperature is increased above 86° I". Fig. 119 shows that 
hair is more rapidly digested than skin up to 95° F., but that skin is digested 
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much more rapidly than hair at temperatures above 95° F. The information 
provided by Fig. 119 is of utmost importance to the practical tanner, but he 
must be cautioned against assuming that safety lies only in liming at low tem- 
peratures. If lower temperatures are used, the time of liming to get easy unhair- 
ing is increased, and a low temperature may result in more harm than a higher 
one carefully controlled. 



Fig. 118. How the Hydrolysis of Calfskin by Saturated Limewater Increases with 

Both Time and Temperature. 


Sulfides 

Long '^go tanners discovered that the time required to get easy unhairing 
during liming is greatly shortened by adding sodium sulfide to the lime liquors. 
When sodium sulfide is dissolved in water, it h 3 ’’drolyzes. Each molecule of 
sodium sulfide reacts chemically with one molecule of water, forming one molecule 
of sodium hydrosulfide and one molecule of caustic soda (sodium hydroxide). 

Sodium hydrosulfide has a specific action on keratin. It reacts chemically 
with it, producing a modified form of keratin that is much more rapidly destroyed 
by alkali than the original keratin. On the other hand, sodium hydrosulfide 
appears to have no such action on collagen, and so provides an excellent means 
for making a more quantitative separation of keratin from collagen without causing 
any damage to the collagen. 

Caustic soda reacts chemically with both keratin and collagen. When added 
to lime liquors, it causes inordinate swelling of skins and strains along the pat- 
tern of the blood-vessel system that result in gi’ainy leather and drawn flanks. 
Until recently, pure sodium hydrosulfide was not commercially available to tan- 
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Temperature of Llraewater 

Fig. 119. How the Hydrolysis of Both Skin and Hair by Saturated Liincwatcr Increases 
with Temperature During a 3-Day Liming Period. 


ners, and so they used ordinary sodium sullidc, usually in tlie form of a fused 
product containing 60 percent by weight of sodium sulfide and 40 percent of 
water. When 100 lbs. of this 60 percent sodium sulfide is dissolved in water, it 
immediately ixacts chemically with 14 lbs. of water, forming 43 lbs. of sodium 
hydrosulfide and 31 lbs. of caustic soda. Because of the damaging effecs of 
the caustic soda, tanners had to limit rather sharply the amounts used, often to 
the point where they were not taking full advantage of the sodium hydrosulfide. 

Fortunately, pure sodium hydrosulfide has now become available commercially 
to tanners and at a cost no greater than that of the old sodium sulfide. It is 
available in liquid form, containing 38 percent sodium hydrosulfide and 66 per- 
cent water (in steel drums), and also in solid form containing al)out 70 percent 
sodium hydrosulfide by weight. Contact of sodium hydrosulfide with air must be 
avoided as far as possible befm*e actual use because it readily combines cliemicallv 
with oxygen, forming products which have little or no unhairing action anil 
which form caustic soda when mixed with limewatcr. The liquid product has 
the disadvantage of a higher freight rate per unit of sodium hydrosulfide, but it has 
the great advantage of simplicity of handling and preventing undue contact with 
air; the solid product must be dissolved before using and sometimes cakes in 
the drum. 
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At the time of this writing, developments are in progress in the commercial 
production of calcium hydrosulfide which cannot form any caustic soda when 
added to limewater. It can readily be produced in the laboratory by saturating 
limewater containing an excess of undissolved lime with hydrogen sulfide gas. 
On a large scale in the tannery, it is a disagreeable operation and hardly prac- 
tical for the average tanner. However, by the time this book is published, or shortly 
thereafter, calcium hydrosulfide should be available commercially, and will 
become a great boon to many tanners. 

Calcium hydrosulfide has the same activity on keratin as sodium hydrosulfide, 
but, when added to lime liquors, it decreases the solubility of the lime and pro- 
duces pH values well below 12.5 of pure, saturated limewater. In making fine, 
smooth leather, it is necessary to prevent undue swelling and plumping of the 
raw stock. When calcium hydrosulfide is added to lime liquors, less swelling 
takes place than when pure limewater is used, and a smoother leather results. The 
writer has used calcium hydrosulfide on calfskins in quantity sufficient to dis- 
solve the hair completely and has produced beautifully smooth leather of the very 
highest quality. 

Liming and Unhairing Green, Salted Calfskins 

In making any specific type of leather, all operations employed are inter- 
related. A change in any one operation often necessitates compensating changes 
in others. The best procedure to follow in a given operation depends upon the 



Courtesy Johnson & Carlson. 

Fig. 120. Battery of Paddle Vats Used for Liming Skins. 
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details of operations which precede and follow it. The following- procedure for 
liming and unhairing calfskins is the one the writer has found best for calf- 
skins soaked and fleshed according to the procedure given in Chapter 7. It is 
for a pack of 500 calfskins weighing 5000 lbs. after soaking. If the average 
weight of the skins is greater, they usually contain a lesser percentage of water; 
the quantities of materials used per unit total weight of the pack should therefore 
be increased for greater average weight per skin and decreased for lesser average 
weight. 

The writer prefers liming in vats equipped with paddle wheels, although some 
tanners use only still vats in order to avoid mechanical action that may make the 
leather loose and grainy. The object of the paddle wheel is to stir up the undis- 



Camiasy Chaw II. Sifltlin!/ Cu. 

Fig. 121. A Portable Paddle Wheel. 


solved lime occasionally to keep the solution saturated, to assist the diffusion of 
the lime between and into the skins and to prevent the skins from packing. If it 
is run no more than is necessary to do this, excellent results can be obtained. 
For a 5000-lb. pack, a paddle vat is used having a total capacity of 2500 gals. 
A battery of 7 paddle vats is shown in Fig. 120. Sometimes one portable paddle 
set on a track is used for a whole row of vats. Such a poi'table paddle is shown 
in Fig. 121. Each vat is equipped with a device for heating the liquor. This 
may be done by pumping the liquor through heating coils or by running live 
steam directly into the liquor, in which case a slotted wooden covering, known 
as a steam box, is placed over the steam outlet to protect the stock from direct 
contact with the steam. The paddle wheel is run at al)out 20 revolutions per 
minute. Where still vats are used, the stock is hauled out occasionally and the 
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liquor plunged by hand with a plunger like that shown in Fig. 122 attached to a 
long pole. 

Fill the vat with water to the 1900-gal. mark, add 150 lbs. of hydrated lime 
and 25 lbs. of liquid sodium hydrosulfide. Start the paddle wheel running and put 
the 5000 lbs. of stock into the liquor. With the paddle running, apply heat 
until the temperature of the liquor reaches 82° F. Then stop the paddle wheel 
and let the stock remain still for 6 hours. Then run the paddle wheel for two 
minutes while applying heat, to bring the temperature of the liquor back to 82° F., 
if it has dropped below this point. Repeat this at the end of the 12th hour and 
again at the end of the 18th hour. When the stock has been in the liquor for 24 
hours, it should be ready for unhairing, but, if the hair should not then slip 
easily, the stock must be left in the liquor until it does. The stock should not be 


Fig.. 122. 

Hand Plunger Used for 
Mixing and Agitating Lime 
Liquors. 



left in the liquor longer than is necessary to get easy unhairing, and excessive 
running of the paddle wheel should be avoided. If successive packs show dif- 
ficulty in unhaifing at the end of 24 hours at 82° F., increase the percentage of 
sodium hydrosulfide used. Some tanners lime for a longer time at lower tempera- 
ture, but whatever temperature is used, it is extremely important to maintain it 
accurately. 

When the hair slips easily, haul out the pack and unhair the skins on an 
unhairing machine, of which there are several types. In principle, the unhairing 
machine is like the fleshing machine, but the blades are not sharpened to cut 
away any portion of the skin, but merely to rub the hair off the grain surface of 
the skin without scratching or causing any damage to the grain. Fig. 123 shows 
one type of unhairing machine operating like a Ferris wheel. A skin is thrown 
over one of the rubber bolsters in the series and it is drawn mechanically up 
between two revolving cylinders equipped with spiral blades which press the 
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skin against the rubber bolster and brush off the hair. After one complete revo- 
lution, the position of the skin on the bolster is shifted so that, on the second 
time through, the blades will cover the narrow strip along the top edge of the 
bolster not unhaired the first time through. Upon coming through the second 
time, each skin is thrown on to a pile to be scudded later. 

Fig. 124 shows a cross-section of calfskin taken from a lime liquor run 
according to the foregoing procedure, except for the fact that a smaller amount 
of ordinary sodium sulfide was used and the stock was left in the liquor for two 
days. (Sodium hydrosulfide was not commercially availalde at the time). The 
swelling action of the lime has caused the skin to become plump and rubbery in 



Courtesy A, F. Gallun & Sons Corp, 


Fig. 123. One Type of Machine Used for Unhairing Calfskins. 

feel. The hydrolyzing action of the lime and hydrosulfide has extended only to 
the cells of the Malpighian layer of the epidermis, which is the layer of youngest 
cells adjoining the true skin. The hair and the corneous, or outer layer, of the 
epidermis remain intact. However, the destruction of the Malpighian layer effects 
a complete severing of the true skin from the hair and the corneous layer of 
the epidermis, and these can be removed by simply rubbing or brusliing them 
off in the unhairing machine. This section was stained before photographing with 
a dye that colors the elastin fibers a dark blue, and they appear in tlic thermostat 
layer and in the lowest level of the skin as dark areas. 

They can be seen more clearly in Fig. 12S, which shows the thermostat layer 
at much higher magnification. The lime and hydrosulfide have caused disinte- 
gration not only of the epidermis lining the hair follicles, but also of the sudori- 
ferous glands (oil glands) and the sweat glands. Remnants of the epithelial 
tissues can be seen in the hair follicles. 











MODERN PRACTICE IN LEATHER MANUFACTURE 



Fig. 125. Thermostat Layer of Calf Skin after 48 Hours in Lime Liquor. 

Location : butt. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification: 135 diameters. 

Fig. 126 shows a workman hauling calfskins from a lime liquor in a paddle 
vat. Fig. 127 shows workmen hauling calfskins from a lime liquor in a still 
vat. The skins arc being piled up on a truck to the left of the man working on 
the unhairing machine, which is of a type different fi'om that shown in Fig. 123, 
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Fig. 126. Hauling Calf Skins from Lime Liquor in Paddle Vat. 



Courtesy B, D. Bisendrath Tanning Co. 

Fig. 127. Hauling Calfskins from Lime Liquor in Still Vat and Unhairing on Machine. 
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This is more nearly like the fleshing machine. Each skin is first fed into the 
machine over half of its length and it is forced out toward the operator as it 
is being unhaired. When it has come out, the operator turns the skin around and 
then feeds the unhaired portion of the skin into the machine. After unhairing 
each skin, he throws it on the truck to his right to be sent for scudding. 

Where still vats are used, it is necessary to pull the stock out at intervals 
and to plunge the liquors, that is, to agitate them with special plungers like that 
shown in Fig. 122, operated by hand, so as to stir up the undissolved lime and 
maintain saturation. With still vats, it is customary to put the same pack of 
skins through several vats, hauling them over from one vat to another and plung- 
ing each vat before a pack enters it. The same liquors are used for numbers of 
successive packs. Older liquors present some advantages over fresh ones: they 
contain dissolved protein matter that keeps the undissolved lime in suspension 



Courtesy A, F. Galhm & Sons Corp. 

Fig. 128. Scudding Calfskins on the Beam. 


more effectively; they contain ammonia, and amines, resulting from protein 
decomposition, that assist in the unhairing action, and they contain calcium salts 
of weak organic acids that decrease the solubility of the lime, causing a lower 
pli value and less .swelling of the stock. However, accumulating material dis- 
solved from the stock makes uniform results more difficult. 

The same advantage of the used lime liquor is obtained in the single liquor 
used in a paddle vat by running only one-half of the used liquor to the sewer 
after a pack has been limed and making up the other half with fresh lime liquor. 
Until a balanced system has been developed by practice, it is desirable to analyze 
each liquor after use and to add only enough lime and hydrosulfide to restore the 
concentrations to that indicated in the foregoing procedure. 

Often the lime and hydrosulfide are mixed with water in a wooden tank and 
then run into the liming vats. A strong solution of sulfide or hydrosulfide is 
stored in an iron tank and any iron sulfide present is allowed to settle. The 
clear liquor is drawn off for use and mixed with the lime and water. 
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When only powdered, hydrated lime and liquid sodium hydrosulfide are used 
in a paddle vat, there is no need for premixing; they can be weighed off and dumped 
directly into the vat separately, with the paddle running. 



Courtesy Chas. H. Stehling Co. 


Fig. 129. A Typical Beam Knife. 


Scudding Calfskins 

After the skins have been unhaired, the hair follicles still contain remnants 
of epithelial tissues, hair pigments and glands and lime soaps which must be 
removed before tanning. It is customary to do this by an operation known as 
scudding. This is frequently done by hand over a rounded wooden beam on which 
the workman usually first builds up a foundation of several skins. Fig. 128 shows 
a beamster in the act of scudding a calfskin. The beam, from which the beam- 
house derived its name, is a convex wooden slab sloping upward from the fl.oor, 
at an angle of about 30°, to a point about three feet above the floor, which gives 
it a length of about six feet. The skin is thrown over the beam, grain side up. 



Courtesy B. D. Eisendrath Tanning Co. 


Fig. 130. Scudding Calfskins by Machine (foreground) and by Hand (background). 
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Leaning over the beam, the beamster pushes a specially designed, two-handled 
knife over the skin downward and to left and right, forcing the remnants of the 
epithelial tissues, glands, lime soaps, dirt and any remaining hairs out of the hair 
follicles and pores. Fig. 129 shows the typical beam knife. For ordinary work, 
he uses the concave edge of the knife, but when he desires to clear out some small 
area more difficult to scud or containing hair, he uses the convex edge. BeanivSters 
must continually examine their knives and guard them against nicks that might 
scratch the skin. 

Scudding can usually be done better by hand than by machine because the hair 
follicles slope in many different directions. If the knife stroke is made in the 
direction of the hair, from root to tip, the dirt in the follicles is easily squeezed out, 



Courtesy The Ohio Leather Co. 

Fig. 131. Section of Calf Beamhouse with Paddle, Liming Vats in Background and 
Scudding Machines in Left Foreground. 


whereas there is a tendency for it to be trapped by a stroke in the opposite direction. 
There is a sufficient degree of transparency to a limed skin to enable the beamster 
to see the dirt and pigment in the follicles, and he directs his knife first one way 
and then another until the skin appears uniformly clean. He is alsf) on the lookout 
for fine hairs not removed hy the machine. The bulb of a new hair is as deeply 
seated as that of an old one, but there may not l)e enough of the new liair protruding 
above the surface of the skin to be gripped by the knives of the unhairing machine. 

Hand-scudding, however, is an extremely laborious and disagreeable task and 
requires highly skilled labor. When tanneries arc rushed, there is usually a short- 
age of skilled beamsters, and machine-scudding is far better than that of 
unskilled beamsters. It has become the practice in many tanneries to scud all 
the skins on a machine and then to inspect them individually, setting aside all the 
skins that do not fiass inspection for the attention of highly skilled lieamsters. 
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Courtesy The Ohio Leather Co. 

Fig. 132. Beamhouse Showing Beamsters Scudding Calfskins by Hand. 
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Fig. 130 shows a scudding machine in operation on calfskins. It consists of a 
large, revolving drum with blades attached to its periphery. The operator places a 
skin grain-side up on a bolster which forces the skin against the moving blades. 
In the background can be seen the skilled beamsters who work over the skins that 
do not pass inspection. 

' Fig. 131 shows a section of the beamhouse of a calf tannery with the paddle 
vats used for liming in the background. The unhairing machines are shown in 
Fig. 103, Chapter 7, located behind the soaking vats. At the left, in Fig. 131 
can be seen two scudding machines in operation. Skins can be unhaired and scud- 
ded better when they are warm, and it is customary to have tanks or barrels of 
water at 80° to 90° F. handy in which each skin can be dipped before scudding. 
Fig. 132 shows a battery of beamsters at work. 



Fig. 134. 

Rate of Removal of 
Lime from a Pack of 
Calfskins during Wash- 
ing in Open-face Drum 
with Good Flow of 
Water. 


Washing and Cheeking 

After the skins have been scudded, they still contain much lime and soluble 
protein decomposition products, which it is desirable to remove at this stage. 
The scudded skins are made up into lots of about 1000 lbs. each and each lot is 
thrown into an open-face drum like those shown in Fig. 133. The drum revolves 
slowly while a heavy flow of water at 60° to 70° F. passes through and around 
the tumbling stock for 40 minutes, the overflow of water passing out through the 
open faces of the drums. The stock is then sent to be cheeked, or head-split. 

The washing time of 40 minutes is not enough to remove all the lime that 
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can be removed by washing. The rate of lime removal with time can be seen in Fig 
134, which was obtained by washing a pack of calfskin as described above, but 
increasing the washing time to 8 hours and taking out samples of skin for analysis 
at short intervals. The term CaO simply means lime expressed as calcium oxide, 
or unslaked Hme. 

The 40-minute washing is desirable because it removes some lime and also 
some protein decomposition products. Extending the time of washing is not 
desirable because it tends to make the stock loose. 

At this stage, the stock usually has cheeks, heads and necks much thicker 
than the rest of the skins, and it is desirable to reduce their thicknesses more 
nearly to conform to that of the skins as a whole. This is done on a cheeking 
machine like that shown in Fig. 135. 



Fig. 135. Cheeking Machine for Leveling Cheeks, Heads and Necks of Raw Stock 

before Tanning. 


The head end of each skin is put into this machine and, upon stepping on 
the treadle, the portion of the skin in the machine is drawn between a knife and 
gauge roll by a cast-iron grip roll having large finger slots along its entire length. 
The thickness of these heavier portions of the skin can thus be reduced to any 
desired thickness. The split obtained is usually thrown into glue stock. After 
cheeking, the raw stock is ready for deliming and bating, as described in Chapter 9. 
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Other Sharpening Agents in Liming 

Sodium sulfide and hydrosulfide are not the only materials used to sharpen 
the limes, which means to increase the unhairing action without harm to the true 
skin. In actual use, sodium sulfide may be looked upon simply as a mixture of 
sodium hydrosulfide and caustic soda. 

Arsenic 

One of the first sharpening agents ever used in liming was arsenic disulfide. 
It was mixed with the lime before slaking in the proportion of about one part of 
the sulfide to 25 parts of the lime. Upon slaking with water, the resulting products 
were calcium hydroxide, calcium hydrosulfide and calcium sulfarsenite. Lime 
liquors sharpened with this mixture do not cause the skins to swell so much, and 
smoother leather is obtained than when using ordinary sodium sulfide. The reason 
for the lesser swelling with the arsenic mixture is that no caustic soda is formed 
and the solubility of the lime is decreased by the presence of the calcium hydro- 
sulfide and the calcium sulfarsenite. The real unhairing agent in the mixture is 
apparently the calcium hydrosulfide. 

Years ago many calfskin tanners replaced arsenic disulfide by sodium sulfide 
because the latter was speedier in its action, and with it skins could 1.)e unhaired 
after only one day in the lime liquor as against from 3 to 5 days with arsenic. They 
minimized the effect of the caustic soda present by using less sodium sulfide and 
raising the temperature of the lime liquors. Raising the temperature of the limes 
not only greatly increases the unhairing action, but it also decreases the solubility 
of the lime and, therefore, the pH value of the liquors. A calfskin suffers less dam- 
age when limed for 1 day at 82° F. than it docs in 3 days at 70° F., although the 
amount of damage done in a fixed length of time increases with the tem])crature. 

Calfskins, being from baby animals, are much more susceptible to damage in 
liming than goatskins, which are from mature animals. Since the longer time of 
liming required with the use of arsenic produced but little damage, many goatskin 
tanners have continued to use arsenic because of the smoother leather ol)tained than 
when using ordinary sodium sulfide. Now that hydrosuliidcs less caustic than sul- 
fides have become available, even goatskin tanners are using them because they 
have all the advantages and none of the disadvantages of arsenic, are siieedier in 
their action and much cheaper. 

Dimethylamine 

It has long been known that the unhairing action of lime liquors is increased 
by the use of old liquors that have previously been used for unhairing skins. Work- 
ing under the auspices of the Tanners' Council of America, McLaughlin and his 
co-workers studied old lime liquors and the action of amines. They found 
that certain purified amines exert powerful unhairing actions when added to fresh 
lime liquors. In 1927, McLaughlin, Rockwell, O'Flaherty and Highlicrger applied 
for a patent on the use of amines for unhairing. U. S. patent No. 1,785,092 was 
granted them in December, 1930 and assigned to the Tanners’ Council. 

In the course of further investigation of the action of the various amines, it 
was found that monomethylamine, while a good material, was ai>proxmiatcly only 
half as effective as dimethylamine, while trimethyl amine was almost entirely with- 
out effect This showed that the successful commercial application of methylamine 
in unhairing depended, in large measure, upon the economical production of a pure 
dimethylamine. The purity of the dimethylamine was important also f(jr the reason 
that impure products have a pronounced disagreealdc odor. Today, dimethylamine 
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is available in the form of a solution of diraethylamine sulfate containing less than 
I percent of other amines. 

The commercial use of dimethylamine in unhairing has established the fact that 
it offers a means of unhairing in a short time with a minimum of plumping and 
destructive action on collagen. 

Although sodium hydrosulfide contains no caustic soda, some caustic soda is 
formed whenever any sodium salt is added to a lime liquor. The amount formed 
with sodium sulfhydrate is very much less than is obtained with sodium sulfide, but 
dimethylamine cannot form any caustic soda when added to a lime liquor. Because 
of the absence of caustic soda in lime liquors sharpened with dimethylamine, the 
grain is kept very smooth, the flanks hold up better and the leather has better cutting 
value. 

The dimethylamine sulfate of commerce contains 36 to 37 percent by weight of 
dimethylamine. It is used in the same manner as the liquid sodium hydrosulfide, 
but in amounts varying from li to 2i percent of the weight of the stock. 

Sodium Cyanide 

When sodium cyanide is added to lime liquors, it exerts a marked unhairing 
action on skins. The writer has been informed that several tanneries use sodium 
cynanide as the sharpening agent in liming as part of their regular procedure. 
Although sodium cyanide is very poisonous, precautions can be taken against its 
doing any harm in pfactice. Tanners using it are apparently unwilling to divulge 
the details of their procedures. Since the writer has had no experience with it, he 
can only refer the reader to the papers by Theis and Goeller included among the 
references listed at the end of this chapter. 

Liming Goatskins 

Goatskins are of such variety, and differ so greatly in their sensitivity to the 
unhairing action of lime liquors, that no single procedure can be laid down that will 
satisfactorily include all types. One generally satisfactory method is as follows : 
A pack of 1600 lbs. dry weight is soaked for 3 days according to the procedure 
given in Chapter 7. A 2500-gal. paddle vat is filled with water and then 400 lbs. 
of hydrated lime and 25 lbs. of liquid sodium hydrosulfide are added and well mixed. 
The pack is dumped into this liquor and the paddle is run while heating the liquor 
to 82® F. Every 6 hours, the paddle is run while the liquor is being reheated to 
82° F. The paddle is run only while heating and the stock is left in the liquor only 
long enough to bring it to the state where it can be unhaired easily, which is usually 
from 2 to 3 days. The stock is then hauled out, unhaired on the machine and then 
fleshed. Batteries of paddle vats used for both soaking and liming goatskins are 
shown in Fig. 112 of Chapter 7. Fig. 136 shows both the unhairing and flCvShing 
operations. In the background to the left an operator can be seen working on the 
unhairing machine. In the middle foreground, an operator is fleshing imhaired 
stock. 

Some goatskin tanners scud the stock immediately after the fleshing operation, 
but others scud only after bating. Calfskins are always scudded before bating 
because fine hairs that can easily be scudded out before bating resist removal 
tenaciously after bating. Moreover, calfskins are very susceptible to damage in 
the bated condition, while goatskins, being of a harder nature, are much more 
resistant. After fleshing or scudding, the goatskins are washed in running water 
in a drum for 40 minutes and then sent to be delimed and bated. 

Some e'Oatskin tanners nrefer tn dn mnst nf thpir cnnlrino- in +1 -ia lim^ 1inniA.»-c 
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They fear the danger of bacterial damage in long soaking and do not use caustic 
soda in soaking or liming for fear that an excessive amount might overswell the 
stock and cause rough grain. They also avoid using ordinary sodium sulfide in the 
lime liquors because of the caustic soda that it produces. 

One method employed by such tanners is to soak the dry stock in a still-vat of 
water at 75° F. for 24 hours. The stock is then washed in a revolving drum with 
running water at 75° F. for one hour. The drumming causes a flexing of the 
stock which greatly assists the absorption of water by the stock. The stock is 
then put through a fleshing machine of the type shown in Fig. 104, Chapter 7. 
This removes very little flesh, but serves to break or soften the stock, making it 
more receptive to the absorption of water. 
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Another method in use is to put the soaked skins into a paddle vat containing 
per 100 lbs. dry weight of goatskins to be limed 20 lbs. of hydrated lime and H 
lbs. of dimethylamine in 800 lbs. of water (96 gals.) at 80° F. The pack is left in 
the liquor until ready for unhairing (about 6 days) and the paddle is run for only 
10 minutes each morning and evening. Some tanners shorten the time of liming 
by adding soda ash to the liquor. When soda ash is added to a lime liquor, it causes 
a precipitation of calcium carbonate with the formation of caustic soda, which swells 
the stock and increases the unhairing action. By adding If lbs. of soda ash per 
100 lbs. dry weight of stock on the first day and 11 lbs. more on the second day, each 
time while the paddle is running, the time required for unhairing is reduced to from 
3 to 4 days. 

The 3-day liming procedure, using sodium hydrosulfide, can also be applied to 
kangaroo skins and to dry calfskins. 

Liming Heavy Hides 

Heavy, green, salted hides can be limed and unhaired exactly like green, salted 
calfskins except for the quantities of materials used and the time of liming. Heavier 
hides contain more protein and less water per unit total weight ; they should there- 
fore be given more water and other materials per unit total weight and the time 
of liming may have to be extended to as much as 3 days or longer. In any case, 
the stock should always be taken from the lime liquor just as soon as it can be 
unhaired easily. It should be remembered that the raw stock continuously loses 
valuable hide substance all the time it is in the lime liquors at all practical tempera- 
tures. With increase of temperature easy unhairing is brought about in a shorter 
time, but the rate at which hide substance is lost also increases. Calfskins can be 
unhaired in 1 day by raising the temperature to 82° F. Although the rate of Loss 
in hide substance is thereby increased, the total loss in 1 day at 82° F. is less than 
the loss in 3 days at 70° F. By using larg'er amounts of sodium hydrosulfide, the 
time of liming can be shortened. If the stock is hauled out just as soon as it can 
be unhaired easily, there will be less loss of hide substance than when less sodium 
hydrosulfide and a longer time of liming are used. If a great excess of hydrosul- 
fide is used, the hair will be destroyed, but the stock itself will not be damaged. 
Since tanners find a ready market for hair, it is desirable not to damage it ; conse- 
quently, the best amount of sodium hydrosulfide to use is the largest amount that 
causes no damage to the hair. The most important point to remember is that the 
stock should be taken from the lime liquor just as soon as it can be unhaired easily. 

Liming Hides for Sole Leather 

Manufacturers of sole leather are desirous of producing leather that is tight and 
solid in structure, having a fine, smooth grain surface and that can be rolled out 
flat without any distortions. When heavy steer hides are plumped by lime, any 
violent mechanical action on them may produce permanent distortions and loose- 
ness of the stock that would lower the value of the finished leather. Excessive 
swelling, as with caustic soda, is also avoided because it produces a grainy condition 
that mars the appearance of the finished leather. Many tanners of sole leather 
treat their heavy steer hides moi*e delicately than do tanners of fine calfskins. 
Where ordinary sodium sulfide is used, the amount is less than that used for calf- 
skins because of the damaging effect of the caustic soda. With sodium hydro- 
sulfide, the amount can be increased to any extent desired to get easy unhairing in 
the time allowed. 

A typical liming system contains as many rows of vats as there are i)acks of 
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hides to be limed each working day. Each row contains 10 vats, only 5 of which 
are used for liming. Each vat is 8 ft long by 7 ft. wide by 8 ft. deep. Each pack 
weighs 5000 lbs. (about 83 hides weighing 60 lbs. each). After the hides have 
been soaked one day and fleshed, as described in Chapter 7, they are tied together 



in a long chain, the two hind shanks of one hide l)eing tied to the two fore shanks 
of the next. In this way, the long chain of hides is reeled from one vat to another. 
A typical lime reel is shown in Fig. 137. This reel is made to set over 3 rows of 
vats at one time, but can be obtained to set over only one or two rows. 

The first hide in a chaiti is lifted onto the reel, the motor is turned on and 
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the reel starts rotating, pulling the entire chain of hides from one vat to the next 
one m the series. 

The first 4 vats in the system contain only fresh water at 52° F. iVfter one 
pack has been m one of these vats one day, it is reeled over into the next vat, 
the used water is run to the sewer and replaced by fresh water at 52° F. Each 
pack IS reeled from one vat to the next each working day. The 5th, 6th, 7th, 8th 
and 9th vats contain hydrated lime and sodium hydrosulfide. In making up a new 
senes, nh each of the 5 lime vats with 1900 gals, of water at 70° F. and add 100 
lbs. of hydrated lime and 5 lbs. of liquid sodium hydrosulfide. Then each time 
a pack IS reeled out of a vat, add to that vat 80 lbs. of hydrated lime and 4 lbs, of 



Courtesy Endicott- Johnson Corp, 


Fig. 138. Mixing Hydrosulfide, Lime and Water for Use in Liming. 

liquid sodium hydrosulfide. When 15 packs have been through any one vat, run 
the liquor to the sewer, clean the vat thoroughly and make up a fresh lime liquor 
by adding 200 lbs. of hydrated lime and 10 lbs. of liquid sodium hydrosulfide in 1900 
gals, of water at 70° F. After starting a new system, the first vat to be cleaned 
will be No. S, which is the first lime vat in the row. After the 15th pack is reeled 
out of it, the liquor should be run to the sewer, the vat cleaned and fresh liquor 
made up. For a new system, vat No. 6 should not be cleaned until the 18th pack 
has been reeled out of it, vat No. 7 when the 21st pack has been reeled out of it, 
vat No. 8 when the 24th pack has been reeled out of it and vat No. 9 when the 27th 
pack has been reeled out of it. Thereafter each vat should be emptied, cleaned 
and made fresh each time 15 packs have passed through it since the last cleaning-. 
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In this way, the stock passing through receives an average of 10 lbs. of hydrated 
lime and J lb. of liquid sodium hydrosulfide per 100 lbs. 

It is customary to mix the hydrated lime and liquid sodium hydrosulfide with 
enough water so that it will flow easily, and then to dump it into the vat after the 
lot to be moved forward has been reeled out and before the next lot has been 
reeled in, mixing thoroughly before the new lot is reeled in. Fig. 138 shows one 
method of mixing the lime, hydrosulfide and water before adding to the vat. The 
mixing is done in the portable tank equipped with a high-speed electric mixer. 
The tank is equipped with an outlet valve for emptying into the vat. 

A temperature of 70° F. is used because the period of liming is 5 days. By 
raising the temperature to 82° F., the time of liming can usually be cut to 3 days, 
but this should not be done unless the stock is actually taken out and unhaired in 
3 days. It should be accepted as a fundamental rule always to remove stock from 
the limes just as soon as it can be unhaired easily. If the stock is limed for 5 
days at 82° F., it will become loose in structure. 

Warm-water Pool 

Vat No. 10 in the system contains only fresh water at 90° F. made up fresh for 
each pack. After each pack is reeled from vat No. 9 into vat No. 10, it is left there 
for only 2 to 3 hours. As each hide is removed from vat No. 10, it is detached 
from the chain and moved directly to the unhairing machine, where it is unhaired. 

The chief object of the warm-water pool is to warm the stock to a temperature 
between 80° and 90° F., although it does conveniently remove some of the excess 
lime. When hides are ready for unhairing, it has been found that the hair can 
be removed more easily and cleanly when their temperature is raised above 80° F. 
Even for light skins, it is customary for the beamster to dip each skin into warm 
water before scudding it. Gi'eat care should be exercised in seeing to it that stock 
is not left in the warm-water pools longer than is necessary to warm it completely 
through. If the stock is left in the warm water over night, valuable hide substance 
is lost and the stock becomes loose. 

After the stock has been unhaired, it is washed in running water at 70° F. in 
an open-face drum for 10 minutes; excessive drumming must be avoided. Next 
it is fleshed on a machine and then hand-fleshed, trimmed and scudded on the beam. 
After this, it is sent to be bated. 

It will be noted that each pack of hides passes successively through all 10 vats 
of the system, moving from one vat to the next each working day. The first 4 vats 
contain only fresh, cold water, the next 5 contain lime and the 10th vat only fresh, 
warm water. 

Enzyme Unhairing 

Following his development of the enzyme bate, Rohm discovered that an unhair- 
ing action on hides and skins can be effected by the use of pancreatic enzymes, pro- 
vided the epidermis is first swollen by the application of solutions of caustic soda. 
Subsequently, the Rohm & Haas Company developed a commercial enzyme-unhair- 
ing agent under the name of ^^Arazym,'' which has found favor with some goat- 
skin tanners. The writer has studied the action of pancreatic enzymes on soaked 
calfskins and obtained satisfactory unhairing when the epidermis was previously 
swollen with acid or alkali and rendered permeable to the enzyme. The method 
requires careful control for good results, but it is being used with some success m 
the unhairing of goatskins. 

The following procedure is typical for goatskins, but variations must be made 
for different types of goatskins if the best results are to be obtained. Put a pack 
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of 1600 lbs. of dry goatskins into water at 70^ F. and let stand over night. Then 
run the paddle and wash in a good flow of running water for 20 minutes. Then 
add 32 lbs. of caustic soda and 80 lbs. of anhydrous Glauber’s salt (sodium sulfate) 
previously dissolved in water and run the paddle for 10 minutes, keeping the 
temperature of the liquor close to 70° F., and let stand over night. Next morning 
run the paddle for 30 minutes while adding slowly 48 lbs. of caustic soda previously 
dissolved in water. Run the paddle for 30 minutes after the last addition and let 
stand for 3 hours. Then with the paddle running, add 48 lbs. more of caustic soda, 
previously dissolved in water, over a period of 30 minutes, run the paddle 30 
minutes longer, and let stand until evening. Then run the paddle for 2 minutes 
and let stand over night. 

Next morning run the paddle and wash the stock in running water at 75° F. 
for 1 hour. Leave the paddle vat filled with water at 75° F. and add slowly, with 
paddle running, 160 lbs. of sodium bicarbonate dissolved in 200 gals, of water at 
75° F. Run the paddle for 10 minutes longer, add 32 lbs. of Arazym-CN, run the 
paddle 10 minutes longer and let stand until evening. Then run the paddle for 
2 minutes and let stand over night. Next morning haul out the stock, unhair and 
flesh, wash in running water for 40 minutes and send to be bated. 

The amounts of materials used must be varied according to the nature of the 
stock, using more for those of a hard nature and less for those of a soft nature. 
In the foregoing procedure, instead of adding 160 lbs. of sodium bicarbonate (10 
percent of the dry weight of stock), it has been found preferable in some cases 
merely to lower the pH value of the liquor to 9.0 (as determined by Thymol Blue 
indicator) by adding about 3 percent of bicarbonate and running the paddle for 10 
minutes. The pH value is then raised to 10.0 (as determined by Oleo Red indica- 
tor) by adding from H to 2 percent of caustic soda. The paddle is then run for 10 
minutes and from H to 3 percent of Arazym-CN added, according to the nature 
of the stock. 

Unhairing by Dissolving the Hair 

During the World War, when the demand for shoe-upper leather for ai’my shoes 
was at its peak, the writer developed a method for speeding up production by dis- 
solving the hair of cow hides in strong solutions of sodium sulfide. The method 
follows : For each pack per day, select two 2500-gal. paddle vats side by side. Fill 
the first one with 420 lbs. of 60 percent sodium sulfide contained in 1900 gals, of 
water at 70° F. Into this liquor, dump a pack of 5000 lbs. of soaked cow hides and 
run the paddle for 1 hour. Let stand, and run the paddle for 2 minutes out of each 
hour until the stock has been in the liquor for 6 hours. Fill the second paddle vat 
with 420 lbs. of calcium chloride in 1900 gals, of water at 70° F. 

After 6 hours in the sulfide liquor, the hair has become pulped and largely 
dissolved. With long, metal tongs, drag each hide from the sulfide liquor into 
the calcium chloride liquor. After all the stock has been moved over into the cal- 
cium-chloride liquor, run the paddle for 1 hour and let stand over night. Next 
moiming run the paddle for 1 hour, haul out the stock, scud it on the unhairing 
machine and then wash in running water in the open-face drum for 40 minutes. 
Then send to be delimed and bated. 

The sulfide and calcium chloride liquors can each be used for 10 packs of hides. 
For the second pack in the sulfide liquor, add 140 lbs. of 60 percent sodium sulfide 
and run as for the first lot. For the second pack in the chloride liquor, add 140 lbs. 
of calcium chloride and run as for the first lot. Continue this until 10 packs have 
been through both liquors. Then run the liquors to the sewer and start over. 
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When it is urgent, production can be doubled by putting a pack into tlie sulfide 
liquor in the evening and transferring* it to the chloride liquor early in the morning, 
after the previous pack has been hauled out. The new pack is then hauled out of 
the chloride liquor in the evening to make room for the next lot, which has been 
in the sulfide liquor during the day. Millions of hides have been unhaired in this 
way with perfectly satisfactory results. The chief objection to this procedure is 
the loss of the hair, which the tanner ordinarily sells as a by-product. The method 
is still widely used on pigskin strips and other stock having hair of little or no 
value, or when speeding up production more than compensates for the loss of the 
hair. 

The method cannot safely be used for fine calfskins because of the action of the 
caustic soda formed from the hydrolysis of the sodium sulfide. However, a satis- 
factory method has been developed for calfskins, which is as follows : Into a 2500- 
gal. paddle vat, run a liquor of 340 lbs. of 100 percent calcium hydrosulfide and 
170 lbs. of hydrated lime in 1900 gals, of water at 70° F. Dump 5000 lbs. of soaked 
calfskins into this liquor and run the paddle for 30 minutes. Then run the paddle 
for 2 minutes each hour until the hair is sufficiently pulped to permit clean scudding 
on the unhairing machine. This may take several hours, but the stock should be 
pulled out as soon as ready. Scud on the unhairing machine, wash in the open- 
face drum for 40 minutes with running water at 70° F., check and send to be 
delimed and bated. The writer has used this method on hundreds of thousands 
of calfskins with results fully as good; if not actually better than those obtained 
with small amounts of hydvosulfide, according to the procedure described above. 
The only disadvantages were the loss of the hair and the necessity for manufactur- 
ing the calcium hydrosullide by passing hydrogen sullide gas into suspensions of 
hydrated lime in water. In such liquors the stock does not become plumped, as 
in ordinary liming, but more fallen, as in bating. It is possible that this method 
may be revived by the commercial production of calcium hydrosulfide. 

Dewooling Sheepskins 

Sheepskin tanners usually purchase their raw stock already dewooled, bated 
and pickled, excepting when they are producing garment leathers with the wool left 
on. A good method for use in the packing house is as follows : As the skins are 
dropped from the killing floor, spread them out to cool and then make them up into 
packs of 5000 lbs. each. Put each pack into a 2500-gal. paddle vat filled with water 
at 52° F. After all the skins are in, run the paddle for 2 minutes and then let .stand 
for 5 hours. Then wash in running water at 52° F. for 30 minutes and let stand 
over night in water at 52°F. Then haul out the stock and allow it to drain. Make 
up a sulfide paste as follows: Mix 100 lbs. of hydrated lime with 18 gals, of water 
and add 12 1 lbs. of liquid sodium hydrosulfide and mix intimately. Then take the 
drained skins, one by one, and lay them out fiat on a table, flesh side up. Coat 
the flesh side heavily with sulfide paste. Then fold the skin along the line of the 
backbone so that the flesh side of one side coincides with that of the other side, 
taking care not to get any sulfide paste on the wool. Then hang each skin from the 
tail, head down, in a room at about 80° F. and leave over night. During the 
night the hydrosulfide diffuses through the skin to the epidermis, where it dissolves 
the cells of the Malpighian layer and loosens the wool. Then throw each skin over 
a beam and work the wool off with a beam knife, scudding the skin at the same 
time. 

After the whole pack has been dewooled, put it into a 2500-gal. paddle vat 
containing 150 lbs. of hydrated lime in 1900 gals, of water at 82° F. Run the paddle 
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for 30 minutes and let stand over night. Next day, scud the skins again over the 
beam and wash in running water in a paddle vat for 30 minutes. Then delime, 
bate and pickle according to the procedures given for calfskins in Chapter 9, except 
for the amount of acid used in pickling. In pickling sheepskins, it is customary 
to use enough sulfuric acid so that the used liquor after pickling will contain li oz. 
of sulfuric acid per gal. of pickle liquor. After draining from the pickle, the skins 
are bundled for shipment to the tanneries. 

'It will be recalled from Chapter 1 that sheepskins have a very loose structure. 
They are readily damaged by violent mechanical agitation and so care should be 
taken to reduce mechanical agitation to a minimum in all operations. 

If the animals are not slaughtered in the larger packing houses, the skins are 
usually cured with salt and sold to wool-pullers, who put them through operations 
similar in principle to those described above. Both packers and wool-pullers sell 
the wool in the wool markets and the pickled skins to the tanners. Occasionally 
tanners may find it to their advantage to do their own dewooling and will find the 
foregoing procedure quite satisfactory. 

Sweating 

The writer’s justification for including the sweating method of unhairing skins 
in a book on modern practice is that it is probably the oldest method known for 
unhairing and apparently is still practiced in some countries, particularly for sheep- 
skins. It received the name sweating from the nature of the process in its more 
highly developed state. It consists of little more than the putrefaction of the cells 
of the Malpighian layer. Since it is only necessary to allow a fresh skin to remain 
for a day or two in a warm, damp place to cause a loosening of the hair, the method 
was probably discovered very early in the history of the human race. It is not 
improbable that the accidental discovery of this action first revealed to the ancients 
the advantages of unhaired skins for certain purposes. 

Because of the danger of serious damage to the skins in the sweat chambers, 
unless the process was very carefully watched and controlled, it ceased to be 
popular for the best grades of skins after safer methods of unhairing were devised. 
It is still in use in some tanneries for the lower grades of skins, such as the cheaper 
classes of dried hides and sheep skins where the wool is valued more highly than 
the skin. 

The skins are generally hung from beams in a closed room in which the air is 
kept warm and humid. The temperature, humidity, and ventilation must be care- 
fully controlled. During the process a considerable quantity of ammonia and 
amines are evolved and these assist in the unhairing action. Just as soon as the 
hair slips easily, the skins are removed from the sweat chamber and dumped into 
saturated lime water. The lime water serves to retard further bacterial action and 
to cause the skins to swell somewhat by absorption of water ; the skins upon coming 
from the sweat chamber are in a very flaccid and slimy condition. 

Wilson and Daub made a study of the sweating process under the microscope. 
Pieces of fresh sheep skin were kept in a closed receptacle having an atmosphere 
saturated with water vapor at about 100° F. At frequent intervals strips of skin 
were removed for sectioning and examining under the microscope. At the end of 
42 hours, the wool could be rubbed off with ease and the skin had apparently suf- 
fered no damage. The odor of ammonia in the receptacle after the first day was 
very pronounced. 

The first sign of action visible under the microscope was the separation of the 
cells of the Malpighian layer from one another and from the surface of the derma. 
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b'iG. 139. Vertical Section of Sheep Skin after 42 Hours in Sweat Chamber. 
Location: butt. 

Thickness ^ of section : 20 microns, or 0.00079 inch. 
Magnification: 45 diameters. 


1 his action gradually spread to the outermost layers of cells of the sel)accous and 
sudoriferous glands. On the second day the action had proceeded so far that the 
epidermis, glands and wool were completely separated from the derma and many 
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Fig. 140. Vertical Section of Thermostat Layer of Sheep Skin after 42 Flours in 

Sweat Chamber. 

Location; butt. 

Thickness of section: 20 microns, or 0.00079 inch. 

Magnification : 135 diameters. 

of the epithelial cells had completely disintegrated. A section of the skin after being 
in the sweat chamber for 42 hours is shown in Fig. 139. The upper portion of the 
section is shown in Fig. 140 at a much higher magnification. 

It will be noted that the corneous layer is still intact, but the Malpighian layer 
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has almost completely disintegrated, the linings of the hair follicles are broken up, 
and the glands have all been loosened and separated from the derma. Fig. 139 
should be compared with Fig. 28 of Chapter 1, which represents a section from the 
same skin fixed in Erlicki’s fluid within an hour after the death of the animal. 

In practice, the systematic cleaning of the sweat chambers is necessary in order 
to prevent the increase of undesirable organisms that may be carried in from time 
to time. Hampshire investigated the cause of a pitting, or liquefaction in spots, 
of the grain and flesh surfaces of sheep skins, a damage known to the trade as mn 
pelts. He found that the pittings was caused by several species of wormlike organ- 
isms belonging to the family Nemathelminthes and growing to a length of about 
one millimeter. Apparently they are killed by simple drying. They were found 
in great numbers in the sweat chambers, but not on skins which had not yet entered 
the chambers. In laboratory experiments, they produced a pitting of the skin in 
the presence of a small amount of ammonia, such as is always present in the sweat 
chambers. It was found that uniform slipping of the wool could be produced by 
incubating the skin in a clean vessel which excluded all organisms other than those 
present on the incoming skin, and skin treated in this way was free from pitting. 
It would seem that the danger of run pelts can be completely avoided by making 
certain of the cleanliness of the sweat chamber before the skins enter. 

Upon coming from the sweat chamber, the skins are usually thrown into sat- 
urated lime water containing an excess of lime, which checks the bacterial action. 
They are left there over night and then taken out, unhaired, scudded, washed and 
sent on to be delimed and bated. 

No attempt has been made to cover all possible procedures for unhairing or 
all known unhairing and sharpening agents. It is believed that the procedures 
outlined fully portray the principles of modern practice. The unhairing action 
of acids has been used in an experimental way and hydrochloric acid has been used 
in the removal of the shagreen, or epidermal layer, of shark skins. Skins can be 
unhaired after only 2-hours’ contact with ammonia water at pli values between 
11.7 and 12,0, but the method has not been considered practical. 

All kinds of dry stock, having been soaked before liming, behave much like 
green, salted stock except for being more resistant to the action of the lime and 
the sharpening agents. For dry stock, the time of liming and amounts of sharpen- 
ing agents are usually increased. 

Lime obtained from different sources varies ‘ in composition according to 
the limestone from which it was produced. Many tanners claim that they get 
different results from lime obtained from different sources. The writer carried 
out a long series of tests on a large scale, comparing pure hydrated lime with 
Wisconsin dolomite lime, which contains about 38 percent of magnesium oxide. 
The results obtained over a period of years favored the pure hydrated lime, but 
the actual difference in practical result was so small that it was necessary to 
extend the comparative tests over a period of years to come to a definite con- 
clusion. Impurities in any materials used in the tannery are undesirable and 
the writer has always advised tanners to buy the purest hydrated lime available 
to them. 

For calfskins, where the volume of liquor is sufficient to allow free move- 
ment of the stock during paddling, the writer has found that 3 lbs. of hydrated 
lime per 100 lbs. soaked weight of stock gives the best results. If still vats are 
used or if the vats are crowded, more must be used. In sole-leather tanneries, 
where paddles are generally not used, it is customary to use about 10 lbs. of 
hydrated lime per 100 lbs. of soaked steer hides. It is desirable to avoid any 
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great excess because it is wasteful and makes the deliming operation more dif- 
ficult. 

By-products 

The by-products from the beamhouse are hair, trimmings and fleshings, and 
grease. The trimmings and fleshings from calfskins are sold to manufacturers of 
gelatin. Those from heavy hides are sold to manufacturers of glue. Sheepskin 
tanners often recover and sell the grease obtained from the degreasing operations. 
Nearly all tanners find a ready market for the hair. It is now customary to 
wash and dry the hair before offering it for sale. Fig. 140 shows a typical hair- 
washing machine. 



Courtesy Chas. H. Stchling Co. 

Fig. 141. Hair- washing Machine. 

Some communities require the screening of beamhouse sewage before run- 
ning to the sewers. The screenings and worthless fleshings are usually pressed, 
dried and burned. It seems likely that the day will come when all tanners will 
be required to treat their sewage before running it to the sewers. 
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Chapter 9 
Bating 


Historical Development 

Until after the beginning of the twentieth century, bating was the most 
curious of all the operations of the tannery. For centuries it had about it an 
atmosphere of mystery and a fetid aroma, but it was universally used. It was 
not only a disgusting operation, but it was so completely enshrouded in secrecy, 
and so jealously guarded, that it has not been possible to trace its origin. How- 
ever, the process as handed down from generation to generation of tanners is 
still an unpleasant memory to many tanners living today. It consisted in digesting 
the limed and unhaired skins in a warm infusion of the dung of dogs or fowls until 
all plumpness had disappeared and the skins had become so soft as to retain the 
impression of thumb and finger when pinched and sufficiently porous to permit 
the passage of air under pressure. When hen or pigeon manure was used, the 
process was called hating, but when dog dung was used, it was called puering. 
The hen or pigeon manure was generally used for heavy hides because it pene- 
trates more rapidly than dog dung because it contains urea and the other urinary 
products. Tanners of light leathers used dog dung because of its milder action, 
and for that reason many of the older tanners of light leathers still refer to the 
operation as puering, even though the discontinuance of the use of dungs made 
the operation the same in principle and in materials used for all kinds of leathers. 
Since the term hating is now practically universal for all processes of digestion 
of the raw stock after unhairing, we shall accept it as the correct name for the 
operation. 

A common method for treating light skins was to put them into a paddle vat 
filled with water at about animal body heat. The dog dung was usually first 
worked up into a cream with the hands, using a small amount of warm water, and 
allowed to “ripen” for a few days. After the skins entered the water, the paddle 
was started running and the creamed dung was added in the proportion of about 
one pound per gallon. After the addition of the dung, the skins were watched 
very closely and were pulled out just as soon as the bate master, or puer master, 
pronounced them done. To leave them in the liquor longer would result in putre- 
faction and ruination of the stock. The bate master was a very important man 
and rose to his exalted position only after many years' apprenticeship under a 
master. Without his expert judgment on when stock was properly bated, the 
manufacture of leather became an extremely hazardous undertaking, and a tanner 
could not hope to compete in the leather markets without an expert bate master. 
Properly bated stock produced leather of fine, smooth grain surface; but unbated 
stock had an unsightly appearance and feel that precluded its use where appearance 
was of great importance. 

Once a good bate liquor was made up, it was used for many successive packs 
of skins, being freshened for each pack with new dung. Some bate masters 
claimed that good results could never be obtained with a perfectly fresh bate. In 
making an old bate liquor ready for a new pack of skins, the bate master knew 
just how much of the old liquor to run to the sewer and just how much new material 
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to add. He took as much pride in his ripe old liquors as a sportsman did in a fine 
breed of racing horses that he had raised. 

Not all bate masters were infallible, and spoilage of stock in bating was 
enormous. With the advent of science, it was inevitable that sooner or later an 
extremely important, but hazardous and disgusting operation would be displaced 
by a more scientific one. The first difficulty was to learn just what was the 
active principle in dung responsible for the fine, smooth grain in properly bated 
stock; the second was to learn the nature of the action of this principle on limed 
and unhaired hides and skins. The modern tanner owes his freedom from the 
old hazardous and filthy bating operation to the work of two great men, both of 
whom it was the writer’s privilege to know during their lifetimes, Joseph Turney 
Wood, of Nottingham, England, and Otto Rohm, of Darmstadt, Germany. 

Mr. Wood worked in the tannery of his uncle, Sir John Turney, and to him 
was entrusted the responsibilities of the puer shop. In his book, Wood says 
‘‘When learning the trade as an apprentice, every fault in the leather was attibuted 
to this part of the work and the troubles and miseries of the puer shop first caused 
me to take up the study of puering. I was determined to know the causes under- 
lying the process. Puering is not only a filthy and disgusting operation, but is 
prejudicial to health, and in the nature of it is attended by more worry and 
trouble than all the rest of the processes in leather making put together.” 

The writer spent some time in Nottingham with Mr. Wood, having him 
recall his long and tedious labors in trying to discover the active principle in dog 
dung. In his extensive researches, he used three workshops : ( 1 ) a system of 
dog kennels, (2) his own puer shop at the tannery and (3) the chemical labora- 
tories at the University of Nottingham. His painstaking analyses of dog dungs 
are now a classic. 

After determining the presence of each constituent of dung, he studied its 
effect upon skins in the puer shop. All the simpler constituents gave only negative 
results when applied to skins. Positive and valuable results began to come only 
after he started to work on the bacterial and enzyme activities of the dung. His 
work indicated that the dung bates owed their activity to either pancreatic enzymes 
or to the enzymes secreted by bacteria. 

In the hope of developing a commercial bate free from the filth of the dungs, 
he turned his attention to the development of bacterial cultures, many of which 
seemed vei*y promising. 

He recognized the importance of pH value in bating and was one of the first 
men ever to control pli value in an industrial operation. lie was controlling it 
in the puer shop long before the measurement of pH value was being taught at 
many of the larger universities of the world. 

About 1903 in Germany, another young chemist, Dr. Otto Rohm, had taken 
an active interest in the problem of bating hides and skins. As was natural from 
the knowledge available at the time, he tried to solve the problem by developing 
practical methods of deliming the stock. Complete deliming and neutralization 
of the stock produces the condition and feel used by the expert bate master to 
determine the completeness of bating. After years of long and disappointing 
experiments, he came to the conclusion that true bating required the action of 
enzymes along with the deliming. 

It was very fortunate that in his younger days he had been employed by a 
pharmaceutical house and had become thoroughly familiar with the preparation 
of the unorganized ferments and with the conditions required for their optimum 
efficiency. Once he had determined that enzymes were necessary for the time 
bating action, his systematic researches led him quickly to the selection of the 
pancreatic enzymes. 
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On June 7, 1907, he applied for a patent covering the process of bating hides 
and skins by the use of an aqueous extract of the pancreatic gland plus a lime- 
dissolving salt, and German Patent No. 200,519 was granted to him on July 21, 
1908. The product covered by this patent was trade-named ‘'Oropon,'' and it 
was the first bating material that was ever really successful on a large, commercial 
scale as an improvement over the dung bates. 

In his book, Mr. Wood commented on Dr. Rohni's achievement as follows : 
“An interesting application of the theory of the bating process which was put 
forward by me (J. S. C. L, 1898, p. 1013) is that of Dr. Otto Rohm in 1908, in 
which, instead of a bacterial culture, he employs an infusion of pancreas in con- 
junction with ammonium salts. This bate has been put on the market in the 
form of a powder under the name of Oropon.'"’ 

After a great discovery has been made and put to universal use for the gen- 
eral good, historians become interested in determining to whom credit for the 
discovery is due; but great discoveries can rarely be attributed to the work of a 
single mind. It is to Mr. Wood's credit that he was the first to undertake a 
thorough and scientific study of the bating problem and it is to Dr. Rohm's credit 
that he was the first to develop a really successful commercial bate that replaced 
the filthy dungs by a clean product that was superior in its action and made pos- 
sible the scientific control of the bating operation. 

In the ordinary drying of the pancreatic glands, there is a great danger of 
decomposition, but they can be ground to liquid consistency and mixed with dry 
wood meal. If the proportion of wood meal to glands is sufficiently great, the 
result is a mixture of low moisture content which is essentially air-dry immediately 
after mixing and is not subject to decomposition. By mixing this with dry 
ammonioum salts, or other deliming agents, an air-dry powder is obtained that is 
easily handled and can be stored indefinitely. 

Enzymes, not being single, pure chemical substances, are not measured 
by weight, but by their activities on some definite material. Since different enzyme 
activities were found desirable in bating different kinds of stock, it became 
customary to produce a series of Oropon products of predetermined enzyme activ- 
ities, and each grade of Oropon was designated by a letter indicating its activity. 
As it was also found desirable to use different deliming agents for different types 
of stock, a letter was added to the name to indicate the deliming agent. Thus 
Oropon CS indicates that the enzyme activity corresponds to the standard desig- 
nated as C and that the deliming agent is ammonium sulfate, designated by the 
letter S. 

The commercial development of the Oropon bate was heralded by the entire 
leather world as probably the greatest scientific development in its history. The 
speed with which its use was universally adopted by one of the most conservative 
industries in the world shows how urgently it was needed. However, the sim- 
plicity of operation and control of bating with artificial materials has so com- 
pletely removed the fears and hazards of the dung bates of 40 years ago that the 
younger generation of tanners is tending to lose sight of the great importance 
of the bating opei-ation. Long after Oropon was in general use, there were many 
theories as to the actual mechanism of the bating operation. It may simplify the 
discussion of these theories to present first the writer's present method of bating 
calfskins. 

Deliming and Bating Calfskins 

In the course of their progress through the modern tannery, we left our 
calfskins after they had been unhaired, scudded, washed and cheeked. Put the 
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SOOOrlb. pack of skins into a 2500-gal. paddle vat filled with 1900 gals, of fresli 
water at 80*^ F. The pack will cause the vat to be filled practically to the 2500- 
gal. mark. Have on hand a solution containing about 1 lb. of sulfuric acid to 
each gallon of water. Always pour the acid into the water; never pour water 
onto strong sulfuric acid because heat is rapidly developed which may cause acid 
solution to be spurted in one’s face. Also have ready a pH comparator with 
methyl red indicator, like that described in Chapter 7. Start the paddle running 
and for the first lot run this way, make measurements of the pH value of the 
liquor every 5 minutes. After each measurement, if the pH value is above 5.0, 
add enough of the dilute sulfuric acid to bring it down to 5.0. Be extremely 
careful never to allow the pH value to drop below 4.7. Continue this until two 
successive readings of 5.0, five minutes apart, are obtained. The amount of acid 
required to bring about this equilibrium at a pH value of 5.0 will differ widely 
in different tanneries because of the great differences in lime content of the 
stock. In any one tannery, after the tedium of running the first few packs to 
approximate equilibrium, the process becomes simplified and shortened by a 
knowledge of the average amount of sulfuric acid required. In different tan- 
neries, the amount of acid required may vary from 10 lbs. to over 50 ll>s., depend- 
ing upon the amounts of lime canned over by the stock, and the time required 
to reach approximate equilibrium may vary from v50 to 90 minutes. The paddle 
is run continuously. 

After this deliming operation, transfer the skins to a 2500-gal. paddle vat 
for bating. This is prepared for by leaving in the vat a1.)out 500 gals, of the 
liquor from the previous lot and adding 1400 gals, of fresh water and 40 lbs. of 
Oropon CS. The stock is thrown into this liquor and the temperature is raised, 
with the stock in, to 92° F. The paddle is run continuously for 90 minutes and 
the stock is hauled out. Although pH control of bating for stock already delimed 
is not absolutely essential, the writer has found a slight improvement in the stock 
by keeping the pH value of the liquor at 7.4 by adding occasional small amounts 
of sulfuric acid, using the pH comparator with the phenol-red indicator. 

After the skins have been hauled fi*om the bate liciuor, they should l)e moved 
as quickly as possible to start the next operation, which is usttally cither ])ickling 
or tanning. They arc washed for 2 minutes with running water in a drum 
before putting into tan or pickle liquor. 

Actually the optimum time and temperature of bating and the optimum amount 
of Oropon to use vary with the nature of the stock. Winter skins and skins in 
poor condition are much more sensitive to these varial)les than good summer 
stock. The foregoing procedure was based on avei*age results on millions of 
skins of all kinds, and has given almost universally good results in many dif- 
ferent tanneries without adjustment. If a tanner is determined to make the finest 
calf leather possible with whatever stock he is using, lie should make adjust- 
ments according to variations in the nature of the stock. 

The writer has developed a satisfactory procedure for making these adjust- 
ments, although it is by nature time-consuming and somewhat laborious. The first 
adjustment to make is that of time of bating. After the stock has been in the 
bate liquor for 30 minutes, haul out one-fourth of the pack and take it to a place 
where each skin can be examined separately under a good light. It will be 
noted that some skins appear grainier than others. This grainy condition is observ- 
able as a delicate mosaic patteini of exceedingly minute depressions extending 
inward from the bellies. It is really the pattern of the blood-vessel system of 
the skin projected onto the grain surface. When this pattern Is exaggerated, 
the skin is classified as grainy. After exaniing and grading all skins, the per- 
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centage of the total number of skins examined that are classified as grainy should 
be calculated. If the skins are to be pickled, it is better to make the examinations 
after pickling because the pattern is then more sharply defined. 




Courtesy A. F, Gallun & Sons Corp. 
Fig. 143. Expert Workmen Classifying Calfskins after Bating. 


At the end of 60 minutes of bating, the second one-fourth of the pack is 
hauled out and the percentage of grainy skins determined. The third one-fourth 
is hauled out after 90 minutes and the last one-fourth after 120 minutes. When 
the values for percentage of grainy skins become available, it will be found that 
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they follow a definite order. Usually the value for 30' minutes will be highest, 
that for 60 minutes lower and that for 90 minutes lowest and that for 120 minutes 
higher than for 90 minutes. However, for poor stock, it may be found that the 
value for 60 minutes is lowest; the tanner should then cut the bating time to 60 
minutes, or else run another series using bating times of 50, 60, 70 and 80 minutes. 
By following this procedure intelligently, he can determine the optimum time 
for bating any particular class of stock. For some types of stock he may find 
the optimum at less than one hour and for others at more than two hours. 

Having determined optimum time at 92° F., he may then determine optimum 
temperature and optimum percentage of Oropon, but he must be sure to vary 
only one factor at a time. He can also study the effect of varying pH value, but 
the writer has always found the optimum at about 7.4. 

Fig. 142 shows a bate master examining calfskins during the bating opera- 
tion and Fig. 143 examining and classifying skins after bating. 

Mechanism of Bating 

Artificial bates came into general use after it was shown that the active prin- 
cipal of the old dung bates consisted of eni^ymes. It was also recognized that the 
ammonium salts formed during bating played an important role. However, it was 
a long time after artificial bates were in common use that quantitative work was 
done to show just what the enzymes and ammoniun salts did to unhaired hides and 
skins that caused the resulting leather to be so much finer and smoother than 
leather made without bating. A tanner may not be qualified to understand the 
chemistry of the many actions that occur during bating, but he can become familiar 
with what occurs without a knowledge of chemistry, and it is very important that 
he should do so. 

The food eaten by many animals is digested in their small intestines by means 
of enzymes formed during the reproduction of the cells of the pancreas and emptied 
into the digestive tract. Similar enzymes are formed during the reproduction of 
bacteria and molds. Enzymes are complex chemical substances that act on many 
structural organic substances in the presence of water and at the right pH value, 
causing them to break down into simpler substances, which may be soluble in water. 
The pancreatic enzymes include amylases, which act on starchy bodies, proteases, 
which act on protein materials and lipases, which act on fatty materials. Wood 
found all three classes in dog dung. The most important protease for bating in the 
pancreas appears to be trypsin, an enzyme most active at a pH value of about 7.4. 
The writer has shown that the lipases of the pancreas are also important in bating 
and that they act vigorously at a pH value of 7.4. It is interesting to note that 
the normal pH value of the blood of healthy animals is about 7.4. 

Of the things that happen during bating, there are at least 7 of sufficient impor- 
tance to merit separate discussions; they are (1) removal of degradation products of 
the epidermal system, which include hair, epidermis, and glands ; (2) hydrolysis of 
elastin fibers; (3) hydrolysis of collagen fibers; (4) falling; (5) regulation of pH 
value; (6) deliming and (7) bacterial action. 

Removal of Degradation Products of Epidermal System 

During the action of the lime liquors on the epithelial cells of the epidermis 
and on the sebaceous glands, degradation products are formed which remain in the 
hides and skins after unhairing, scudding and washing. They are present' in the 
region just under the grain surface as viscous solutions or jellies adhering to the 
structures of the thermostat layer. They cannot readily be seen by examination 
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under a microscope, but they are precipitated as flocculent masses by contact with 
acid solutions. If a calfskin ready for bating is cut into sides along the line of the 
backbone, and one side is bated properly and the other put through a procedure 
that is identical except for the absence of the enzymes, they will appear much alike 
and have the same degree of fiaccidity, but they will appear very different after 
pickling or tanning. The side not receiving any enzyme will have a very thick, 
spongy and irregular grain surface, suggesting the presence of keratose precipitated 
in the grain layer. As finished leather, it will have the unsightly appearance of 
unbated stock. By making careful comparative analyses) of the two sides, the 
presence of much more nitrogenous matter can be proved in the side not receiving 
enzyme in bating. In titrating old lime liquors after filtering to determine their 
lime contents, the writer has often observed that a flocculent nitrogenous precipitate 
forms when enough acid has been added to make the liquor acid to methyl orange. 
It was shown that this precipitate comes from degradation products of epidermis 
and hair, known as keratose. 



pH Value 

Ftg. 144. Effect of pH Value on the Digestion of Keratose by Pancreatin. 

Wilson and Merrill produced a purified keratose for study by first dissolving 
calf hair in strong caustic-soda solution, adding acid to bring the pH value down to 
8.0, at which point the keratose is still soluble, filtering to get rid of the insoluble 
foreign matter, and then adding enough more acid to reduce the pH value to 4.1, 
at which point the keratose is precipitated quantitatively as a voluminous white 
mass. Over the pH range 5.5 to 11.2, they found that pancreatic enzymes rapidly 
break down keratose into water-soluble materials that do not precipitate upon 
acidifying the solution. It was shown quantitatively that the action of the enzymes 
on keratose was greatest over the pH range ordinarily used in bating. Without 
going into the details of their work, it will be sufficient to show some of the results. 
Fig. 144 shows the percentage of the keratose used in a series that was digested, 
or dissolved, in a period of 3 hours by the pancreatin at different pH values. Curve 
A shows the percentage digested in the presence of the enzyme, and Curve B the 
percentage digested in the absence of enzyme due to the treatment. Curve C shows 
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the percentage of keratose digested by the enzyme, obtained by subtracting values 
of Curve B from those of Curve A. The greatest action by the enzyme occurs 
between the pH values 7.2 and 8.0. 

Fig. 145 shows the effect of time on this digestion. A commercial bate was 
used for comparison along with the pancreatin; the difference in the two curves 
merely represents the difference in enzyme activity between the pure enzyme and 
the commercial bate. The pure enzyme was a very expensive U. S. P. product. 
With no enzyme present, the digestion is very small. In the practical bating of 



Fig. 145. Effect of Time on the Digestion of Keratose by Pancreatin 
and by a Commercial Bate. 

hides and skins, it is probable that not all the keratose is removed; but it is likely 
that the bulk of the material that would form unsightly precipitates in the grain 
layer upon acidifying after the stock is removed. 

This work did not deal with the degradation products of the sebaceous glands, 
but the writer has found it very desirable to have lipases present in the bate in 
order to get the finest leather. He has compared bates with small and with large 
proportions of lipases present and has obtained finer leather with the larger pro- 
portions. The writer now believes that the most important single function of 
bating is the removal of the degradation products of the epidermal system, par- 
ticularly the keratoses and remnants of the sebaceous glands. And yet, the other 
functions are probably of measurable importance. 
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Hydrolysis of Elastin Fibers 

It will be recalled from Chapter 1 that the elastin fibers in the skin perform 
a service in the grain layer of the skin like that of structural steel-work in a build- 
ing. They follow a pattern in the grain layer which is essentially the same as that 
of the blood-vessel system. When a strip of gelatin is swollen by immersion in 
dilute solutions of acid or alkali, it swells by absorbing water, and the increase 



Fig. 146. Vertical Section of Calf Skin before Bating. 

Location: butt. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification: 35 diameters. 

in size is proportional in all three dimensions. There is no reason to believe that 
the protein collagen behaves differently from gelatin in this respect. But when a 
hide or skin is swollen, there is little or no increase in area, but a great increase 
in thickness, accompanied by a distortion and the appearance of the pattern of the 
I )lood- vessel system on the grain surface in the form of depressions. Apparently 
the system of ekvStin fibers resists swelling and great tensiqn is set up in the skin, 
causing the feeling of plumpness and the appearance of graininess. 
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One o£ the first fundamental actions attributed to bating was the removal of 
the elastin fibers, taking away the structural support in the grain layer responsible 
for the grainy condition accompanying any marked swelling of the skin. By the 
use of a microscope, Krall proved that the elastin fibers can be removed from skin 
by digestion in an infusion of dog dung at 40° C. (104° F.). 



Fig. 147. Vertical Section of Calf Skin after Bating 24 Hours with Pancrcatin. 

Location: butt. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification : 35 diameters. 

In collaboration with J. T. Wood, Seymour-Joncs carried out an interesting 
experiment on the bating of sheep skin. The “fiywing” grain of a sheep skin was 
split from the main body of the skin, called simply flesh for convenience, and both 
grain and flesh were cut into halves along the backbone. One grain and one flesh 
were bated with pancreol, a pancreatin preparation similar to Oropon, while the 
other halves were delimed with acetic acid, but not bated. All four pieces were 
then tanned with sumac. There was comparatively little difference between the 
bated and unbated flesh halves, but the grain samples were very different from 
each other. The bated grain was soft and even, with the hair-holes clean and 


Fig. 148. Vertical Section of Grain Layer of Cow Hide before Bating. 
Location : butt. 

Thickness of section: 20 microns, or 0.00079 inch. 

Magnification: 140 diameters. 

clear, but in the unbated grain the hair-holes appeared to be glued up and the 
surface had a rough, contracted appearance. He concluded that elastin present 
in the region of the grain membrane must be digested before tanning in order to 








MODERN PRACTICE IN LEATHER MANUFACTURE 



Fig. 149. Vertical Section of Grain Layer of Calf Skin before Bating. 
Location: butt. 

Thickness of section: 20 microns, or 0.00079 inch. 

Magnification: 140 diameters. 

produce a satisfactory grain surface, but that the bating of the skin under the grain 
is not only unnecessary, but often undesirable. 

Wilson and Daub made very extensive studies of the action of pancreatin upon 
the elastin fibers of calfskins. They made photomicrographs by a special technic to 












Fig. 150. Vertical Section of Grain Layer of Sheep Skin before Bating. 
Location: butt. 

Thickness of section : 20 microns, or 0.00079 inch. 

Magnification: 140 diameters. 

show the elastin fibers of the skin very clearly and then followed the fate of the 
elastin fibers by direct observation. Fig. 146 shows a vertical section of calfskin 
after liming, unhairing, scudding and washing. The elastin fibers can be seen 
in the grain and flesh layers stained a very dark color by means of WeigerFs 
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Fig. 151. Vertical Section of Grain Layer of Hog Skin before Bating. 
Location: butt. 

Thickness of section : 20 microns, or 0.00079 inch. 

Magnification: 140 diameters. 

resorcin-fuchsin dye and picro-red. Fig. 147 shows a similar section from the 
same skin taken after digesting for 24 hom-s at 40° C. with a solution of 0.1 
gram of pancreatin per liter at a pH value maintained at 7.5 All the elastin fiber.? 
have been removed by the enzymes. 





BATING 


251 


At liigher magnifications, Fig. 148 shows the elastin fibers in the grain layer 
of a cow hide, Fig. 149 in the grain layer of a calfskin, Fig. 150 in the grain 
layer of a sheep skin and Fig. 151 in the grain layer of a hog skin. 

Wilson and Daub studied the efifect of pH value on the removal of elastin from 
calf skins by estimating with the eye the removal as seen under a microscope. The 
results are shown in Fig. 152. 

For the smaller amount of enzyme, complete removal of elastin occurred only 
between the pH values 7.5 and 8.5, and no action was observable at pH values 
below 6.0 or above 9.8. For the larger amount of enzyme, complete removal of 
elastin occurred between the pH values 5.5 and 8.5 and no action was observable 
at pH values below 3.8 or above 9.8. Both amounts of pancreatin are greater than 
ordinarily added to a bate liquor, but it must be remembered that the enormous 
numbers of bacteria always present in bate liquors also produce enzymes. 



Fig. 152. Percentage Removal of Elastin Fibers from Calf Skin by Pancreatin as a 
Function of pH Value. Time of digestion, 24 hours. Temperature 40° C. 

Similar series of experiments were run to show the effect of time of bating, 
and the results are shown in Fig. 153. 

Complete removal of the elastin fibers by the stronger enzyme solution was 
effected in from 6 to 8 hours, but 24 hours was required by the weaker enzyme 
solution. The time required for the first sign of elastin removal, 2 hours for the 
stronger and 5 hours for the weaker solution, was apparently the time required 
for the enzyme to diffuse through the grain surface and to make contact with the 
elastin fibers. 

Fig. 154 shows the effect of the amount of enzyme used. 

Complete removal of the elastin is effected by 0.1 gram of pancreatin in 24 
hours or by 1.1 grams in S hours. 
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Fig. 153. Percentage Removal of Elastin Fibers from Calf Skin by Pancreatiii as a 
Function of Time of Bating. Temperature 40“ C. pH Value 7.6. 



Grams Pancreatin per Liter 

Fig. 154. Percentage Removal of Elastin Fibers from Calf Skin by Pancreatin as a 
F'unction of Concentration of Enzyme. Temperature 40“ C. pH Value 7.6. 
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Since many commercial bates contain large percentages of ammonium chloride, 
Wilson and Daub included a series of tests on the effect of ammonium chloride, 
the results of which are shown in Fig. 155. 

In working with very dilute enzyme solutions, a distinct activating effect was 
noted upon the addition of 0.5 gram per liter of ammonium chloride, while larger 
percentages showed an inhibitory effect. With thin calf skin the activating effect 
was not detectable with the solution containing 0.1 gram per liter of enzyme after 
a 24-hour digestion period, because all the elastin was removed without adding any 
ammonium chloride. In order to show the activating effect in these experiments, 
strips from heavier skins were used, which require a somewhat longer time for 
complete removal of elastin under fixed conditions. The activating effect of 0.5 



Grams Ammonixuii Chloride per liter 

Fig. 155. Effect of Ammonium Chloride upon the Removal of Elastin Fibers from 
Calf Skin by Pancreatin. Time of Digestion 24 Hours. Temperature 40 C. pH 
Value. 7.6. 

gram of ammonium chloride per liter and the inhibitoi'y effect of greater concen- 
trations are very marked. It is also important to note that the effect of ammonium 
chloride can be entirely overcome by a sufficient excess of enzyme. 

At concentrations greater than 50 grams per liter (about 0.42 lb. per gal.), 
the ammonium chloride caused a destructive action on the collagen fibers, but, of 
course, no such concentrations are used practically in bating. 

The writer has produced excellent calf leather by removing all the elastin 
fibers, but he has also produced excellent leather by removing no more elastin than 
normally occurs in a 90-mmute bating period, which is only a small percentage. 
The removal of all the elastin is always accompanied by a corresponding loss of 
collagen and the bad effect of this may more than offset the good effects of elastin 
removal. Some elastin removal probably accompanies all other effects obtained in 
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bating, but the writer considers it of small importance compared to the very 
important removal of the degradation products of the epidermal system which 
would otherwise be precipitated in the grain layer upon pickling or tanning. 



Days digested. 

Fig. 156. Effect of Time uii the Flydrolysis of Calfskin by Four Different Samples 
of Trypsin. Temperature 40° C. pH Value 8.0. 


Hydrolysis of Collagen Fibers 

Although pancreatic enzymes are capable of removing the elastin fibers of skin 
and the. degradation products of the epidermal system before serious damage is 
done to the collagen fibers, it is important to know that they do act slowly on 
the collagen libers and would in time destroy them. The purified enzymes from 
the pancreas are often called trypsin, which is really a mixture of enzymes. The 
writer has found that trypsin obtained from different reliable concerns differ 
greatly in their various enzyme activities. Merrill and Fleming studied the 





BATING 


255 


activities of different samples of trypsin on limed calfskin. Fig’. 156 shows the 
rates of hydrolysis of the collagen fibers over a 10-day period, using samples of 
trypsin from 4 different sources. 

These four samples of trypsin had been numbered 3, 6, 7 and 9. No. 9 had by 
far the greatest action on the collagen fibers, dissolving more than 30 percent of 
them in 10 days. All 4 enzymes had dissolved more than 5 percent of the collagen 
in 2 days. 

Fig. 157 shows the effect of pH value on the hydrolysis of the collagen fibers of 
limed calfskin by enzyme No. 6 and also includes hide powder on which the action 
is much greater because of the greater amount of surface exposed per unit weight 
of collagen. 



6 8 10 
pH Value. 

Fig. 157. Effect of pH Value and Temperature on the Hydrolysis of Calfskin and Hide 
Powder by Trypsin. pH Value 8.0. Time 24 Hours. 

The effect on the calfskin is much greater at 40° C. (104° F.) than at 35° C. 
(95° F.), and the maximum effect occurs at pH values between 7.5 and 8.1. It 
should be noted from Fig. 157 that the scale for the hide powder is 10 times as 
great for calfskin, and that the greatest rate of hydrolysis of the hide powder occurs 
at a pH value above 9. At this point nearly 60 percent of the hide powder was 
digested in 24 hours. 

The effect of temperature on the hydrolysis of hide powder is shown in Fig. 158. 
As the temperature is raised from 35° to 45° C., a huge increase in hydrolysis 
of the hide powder occurs. Fig. 158 should be compared with Fig. 118 of Chap- 
ter 8 showing the effect of time and temperature in the hydrolysis of calfskin by 
saturated limewater. 
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Although the loss of material from the collagen fibers in ordinary bating may 
be small, it is probably always appreciable and has an effect upon the final character 
of the leather. 



Fig. 158. 

Elfect of Temperature 
and Amount of Enzyme 
on the Hydrolysis of 
Flide Powder by Tryp- 
sin. pH Value 8.0. Time 
3 Hours. 


Falling 

Of the seven important things listed above as occurring during bating, the 
fourth was falling. When the alkaline swelling or plumping of a .skin is reduced 
by neutralization, the skin becomes increasingly soft and flaccid; this is known 
as falling. When skins are placed in pure solutions of acids or alkalies, they swell, 
becoming plump. In acid liquors, without salt, as the pH value is decreased below 
5.0, the skins becoming increasingly plump until a plT value of 2.4 is reached, 
below which they start to fall again. In alkaline liquors, as the pH value is 
increased, above 7.7, the skins become increasingly plump until a pH value of 12.6 
is reached, above which they start to fall again. Wilson and Gallun developed a 
method of measuring the degree of plumpness of calfskins, and then used it to 
determine the effect of pH value on plumping (or its reciprocal fallmg) over the 
range 4.0 to 11.0. They first measured the thickness of the skin with a Randall & 
Stickney gauge (see Fig. 202 of Chapter 11) under a standard set of conditions 
and then repeated the mea.surement on the same piece of wskin after bringing the 
piece to equilibrium with a solution of fixed pFI value. The ratio of the final 
reading to the initial reading was taken as the measure of the degree of plumping. 
Their results are shown in Fig. 159. 

The pieces of calfskin were placed in solutions of dilute sodium phosphate, each 
at a different pH value. The sodium phosphate was used to prevent wide valuations 
in pH value and for this reason is known as a buffer. The limed stock is in equi- 
librium with a solution of pFI 12.5. As the pH value is decreased, the skin loses 
plumpness until it becomes a minimum at a pH value of 7.7. It will be noted from 
Fig. 159 that there are two points of minimum, one at a pFI value of 7.7 and the 
other at 5.0. At pH values below 5.0 or above 7.7, the skin becomes increasingly 
plump. These two points represent the points of minimnm pUnnping or of rmxi- 
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'imim falling. Wood observed that the pH values of the old dung bate liquors 
varied from 6.4 to 8.4. Modern bate liquors lie within this same range. One can 
now appreciate the deep secret of the old bate master. With his highly developed 
sense of feel, he could pick the point at which maximum falling occurred, which 
happens to be at a pH value of 7.7 for stock with pH value falling from 12.5. By 
creating conditions for obtaining the condition of maximum falling, he was actually 
controlling the pH value at about 7.7, at which point the enzymes are most active, 
even though he may have had no conception of pH value or of the presence and 
activity of enzymes. 



Fig. 159. Degree of Plumping of Calfskin as a Function of pH Value. 

The writer made a number of tests of this psychology. In each test, he put 
a pack of skins into a vat with no enzymes at all and added acid gradually until 
the stock reached equilibrium with a pH value of 7.7 and the bate master invariably 
pronounced the stock bated just right. Some bate masters could actually bring 
the pH value to approximately 7.7 without a pH indicator, simply by feeling the 
stock until it was “just right.’' Even though the stock given no enzyme was pro- 
nounced just right by the bate ma.ster, it made only poor, grainy leather character- 
istic of unbated stock. 
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Merrill showed that the rate of falling increases greatly with the temperature. 
At 95® F., complete falling of calfskin requires from 1 to 2 hours, whereas it is not 
complete in 17 hours at 45® F. 

Regulation of pH Value 

Long before the concept of pH value and its importance in tanning was known, 
the bating operation was successfully bringing the stock to a uniform pH value 
before it entered the tan liquors. About 80 percent of the bated weight of a pack of 
skins is due to water or to used bate liquor. Even though the stock is washed with 
water, it tends to maintain the equilibrium acquired in the bate liquor until it comes 
into contact with strong liquors. If the equilibrium pH value of the bated stock 
is variable, difficulty will be experienced when putting it directly into vegetable 
tan liquors, because the rate of tanning, the rate of diffusion of the tan liquor into 
the skin, the color value of the tan liquor and its tendency to oxidize are all func- 
tions of pH value. Because the pH value during bating must be controlled, it con- 
tributes to the pH control of later operations. 

Deliming 

In using a dung bate, Wood found that the lime content of the stock varies 
from 3 to 6 percent on the dry weight of the stock before bating and from only 
0.5 to 0,9 percent after bating. But his pH measurements showed that some of his 
bate liquors in use were faintly acid. Many tanners today do not delinie their 
stock before tanning and add no acid to the bate liquors. In such cases, no real 
deliming occurs during bating. Operating like this years ago, the writer observed 
that the pH values of the bate liquors dropped only to about 8.4 and that then 
no deliming occurred, although the caustic lime was converted into calcium 
carbonate. 

Deliming is not truly a function of bating and actually does not occur if the 
liquors are always alkaline. For effective bating, the writer prefers to delime the 
stock by the use of acid before bating, but this is certainly not universally prac- 
ticed, as will be made clear in the discussion of bating stock for making sole 
leather. 

Bacterial Action 

Years ago, the writer made a practice of using the same Oropon liquor for 
bating 8 successive packs of calfskins, strengthening with fresh Oropon for each 
new pack. He also used to make bacterial counts of the liquors after using each 
time. A typical series of counts for one liquor after using for 8 successive packs 
in millions per cubic centimeter of bate liquor, were 93, 370, 590, 920, 1330, 1110, 
770, and 630, respectively. A curious point was that the finest leather came from 
the bate liquors having the highest bacterial counts. It is interesting to note the 
steady increase in bacterial count with successive packs from 93 million per cc. to 
more than a billion for the fifth pack and then the continuous decrease in count, 
suggesting possibly that the maximum rate of bacterial reproduction could not be 
maintained because of the inhibiting action of the reproduction products. 

Many bacteria produce and secrete enzymes in the course of their reproduction, 
and it is supposed that these enzymes play a large role in bating in practice. The 
bating action can be obtained satisfactorily by using pancreatic enzymes under 
sterile conditions ; but such conditions are difficult in practical operation and much 
larger amounts of enzyme are required. The beneficial effects of bacteria are 
utilized in the procedure given above for calfskins by making up each new bate 
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liquor with 500 gals, of bate liquor previously used. This procedure also provides 
greater uniformity of results than when using the same bate liquor for a fixed 
number of successive packs. 

Becker isolated 54 varieties of bacteria from dog dung and studied the actions 
of many of them upon skin. He found one, which he called B. erodienSj capable 
of producing a falling action of limed skin similar to that of the dung bate itself. 
An artificial bacterial bate was developed independently by Wood in England and 
by G. Popp and H. Becker in Germany, but they later joined forces and perfected 
the artificial bate known as erodin, which consists of a nutrient material to which 
a pure culture of B. erodiens is added before using. This material has been used 
on a commercial scale and found to be a satisfactory substitute for dung for some 
kinds of leather. 

Since B. erodiens does not secrete tryptic enzymes. Wood has suggested adding 
to it bacteria obtained from the roots of wool in the sweating process which secrete 
a mild form of proteolytic ferment. The susceptibility of erodin liquors to become 
contaminated by foreign bacteria presents an obstacle to any very widespread 
increase in their use. In using erodin. Wood has observed that the fresh liquor 
usually has a pH value of about 6.6 and this increases to about 7.3 during the 
bating operation. 

Cruess and Wilson isolated 10 varieties of bacteria from pigeon dung and found 
that the falling of limed skins could be brought about by pure cultures in dilute skim 
milk. If the bating operation were unduly prolonged, the skin proteins became 
hydrolyzed, but they found that danger from this source could be minimized by 
using a liquor containing 0.5 per cent of glucose. They pointed out that the glucose 
was decomposed into acids which checked bacterial action and assisted in the 
removal of lime from the skin. 

Like bacteria, many species of molds {Fungi) also secrete enzymes during the 
course of their’ reproduction. Jacques Wolf & Co. has developed a commercial 
bate under the name Fungizyme, which contains as active principle enzymes 
secreted by certain species of molds. Although the writer has had no personal 
experience with the use of Fungizyme, he has examined some very satisfactory 
leather that had been bated with it. 

After the successful adoption of Oropon in the manufacture of all types of 
leather everywhere in the world, healthy competition developed in the manufacture 
of bating materials, a number of which contain pancreatic enzymes as the essential 
ingredient. It was natural also that other sources of enzymes should be investi- 
gated. Being interested in the use of enzymes for the brewing industry, the 
Wallerstein Co. turned their attention to the leather industry and in 1932 offered 
tanners a bating material, under the name of Biohate ^ which contained enzymes of 
bacterial origin, particularly a proteolytic enzyme obtained from bacillus subtilis 
mesentericus. This was prepared under United States patents No. 1,227,525 and 
No. 1,744,742 granted to August Boidin of France and Jean Effront of Belgium. 
As early as 1925, enzymes from a fungous source were the subject of study by 
C. J. M. Le Petit of France who obtained U. S. patents No. 1,767,536, No. 1,- 
772,258 and No. 1,779,243 in 1930; these "were acquired prior to their issue by 
Rohm & Haas Co. Later, Dr. O. Rohm was granted U. S. patents No. 2,139,209, 
No. 2,157,969 and No. 2,179,899 covering improvements in the application of 
fungous enzymes to bating. 

With the advent of insulin for the treatment of diabetes, it was apparent that 
the medical profession would eventually require the entire output of pancreatic 
glands. Studies of enzymes produced during the growth of molds have been in 
continuous development since 1925. It has been shown that enzymes of fungous 
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origin are just as effective in bating as pancreatic enzymes, and Oropon of fungous 
origin is now available in quantities sufficient to supply the entire needs of the 
industry and is actually being used in many tanneries. 

Bating Goatskins 

Most of the goatskins tanned in this country are imported in the dry state 
from many parts of the world, and skins from different countries differ widely in 
their nature. For this reason, no single rigid procedure can be laid down that is 
satisfactory for all goatskins. wSkins of a hard nature usually require more dras- 
tic treatment than those of a soft nature. All that we can hope to do here is to 
describe several procedures for goatskins that are in satisfactory use as a first 
guide to the tanner. He must then experiment himself to determine the best con- 
ditions for each type of skin that he is working. This is really not so difficult as 
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Fig. 160 . Evans’ Slate Scudding Machine Used for Goatskins after P>ating. 

it might seem to a layman. The test of a procedure is the final result. As long 
as the tanner has one rigidly defined procedure from which to make a start, he 
can run comparative packs, one with the initial tirocedure and one in which only one 
t actor has been varied. When a change in one factor gives a better result, the 
change is made in the standard and the experiments continued with the new 
standard as a basis. In order to get conclusive results, a change in more than one 
variable must never be made until the result of the change is known. It is not 
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always necessary to await the final finishing- of the leather to get the results, as 
short cuts can be made like that described for calfskins. The final decision, how- 
ever, must be made only on the basis of quality of the finished leather. 

As a rule, goatskins require more drastic action than calfskins. One method 
that the writer has found generally successful is to treat the stock according to the 
procedure for calfskins given above, with the following exceptions : 

In the liming operations discussed in Chapter 8, our unit pack of goatskins con- 
tained 1600 lbs. dry weight of stock. After liming, unhairing and washing, the 
weight will vary greatly according to the nature of the stock. • For bating, keep 
the pack at 1600 lbs. original dry weight. Delime as for calfskins, but in bating, 
use SO lbs. of Oropon A and a bating time of 3 hours for the softest-natured skins, 
and increase the amount of Oropon A to 100 lbs. and the bating time to 5 hours for 
the hardest-natured skins. After hauling the skins from the bate liquor, scud them 
on a machine of the type shown in Fig. 160. This machine is equipped with spiral 
slate blades and it operates much like a fleshing machine, but it merely scuds the 
grain surface of the skins. After scudding, wash the stock in running water at 
70° F. in a drum for 30 minutes and then send it on to be pickled or tanned. 

Some tanners use essentially the foregoing procedure, but eliminate the deliming 
operation and the pH control entirely. Although they get apparently satisfactory 
results, the writer has always obtained a finer quality of leather by deliming and 
controlling the pH value. Some tanners who do not delime, put the stock into 
the bate and run the paddle for only 30 minutes and then again for 30 minutes at 
the close of the day and let the stock stand idle over night. Next morning they 
run the paddle for 30 minutes and haul out the pack. The initial temperature is 
92° F., but it is allowed to drop with no further heating until the stock is hauled 
out. 

Some goatskin tanners who bate their stock over night use two liquors. The 
stock is dumped first into a liquor used once previously. The paddle is run for 
20 minutes while the liquor is being heated to 85° F. The paddle is then stopped 
and the stock is allowed to stand idle for about 3 hours. It is then transferred 
to a fresh liquor at 85° F. containing from 4 to 12 oz. of Oropon A per 100 lbs. 
limed weight of stock. The paddle is run for 20 minutes and then stopped and the 
stock is allowed to stand idle over night. Next morning the paddle is run and the 
stock is hauled out, scudded and washed. 

Goatskins unhaired by the Arazym process are usually bated over night in a 
liquor containing from 0.10 to 0.25 percent of Oropon A and 0.25 percent of sodium 
bicarbonate based on the unhaired weight of the pack, with the temperature at 
90° F. 

Bating Sheepskins 

Most tanners of sheepskins buy their raw stock already dewooled, bated and 
pickled. Some tanners of sheepskins for glove leathers buy them after dewooling, 
but before bating or pickling. Others buy imported dry skins with the wool on and 
soak, dewool and lime them themselves. The stock is first soaked for 1 day in fresh 
water at 45° to 50° F. and then 1 day in fresh water at 50° to 60° F, Then for a 
pack of 75 to 85 skins, put into drum and wash for 10 minutes with running water 
at 100° F. and drain. Add 12 lbs. of soda ash and 3 lbs. of sodium oleate soap in 
15 gals, of water at 100° F. and then add 3 gals, of naphtha. Run 15 minutes and 
dump the stock. Trim and flesh and put stock back into drum. Add 6 lbs. of soda 
ash and 8 lbs. of sodium oleate soap in 18 gals, of water at 100° F. and run 15 
minutes. Then drain and wash in running water at 80° F. for 10 minutes. Then 
dump the stock and dewool with lime-sulfide paste, as described in Chapter 8. Then 
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lime the stock in pure limewater, containing a considerable excess of undissolved 
lime, in a paddle vat at 70*^ F. for from 6 to 12 days, running the paddle for 2 
minutes each morning and evening. The stock is then scudded, fleshed and washed 
in running water at 70° F. for 40 minutes. 

Stock received directly after dewooling can be put directly into the limewater 
and the process continued from there. The stock is then put into a paddle vat for 
bating. For a pack of 5000 lbs. limed weight, put 1900 gals, of water at 105° F. 
into the paddle vat of 2500 gals, capacity, dump the stock into the water and run 
the paddle continuously. Add 75 lbs. of Oropon A and raise the temperature to 
100° F. The writer prefers deliming the stock in the paddle before bating, as for 
calfskins. If this is not done, add dilute sulfuric acid cautiously during bating so as 
to maintain as nearly as possible a pH value of 7.4, making frequent measurements 
of pH value with the phenol red comparator. When following this procedure for 
the first time, take the stock out after bating for 90 minutes, but in running sub- 
sequent tests run comparative packs for longer periods of time and note whether 
or not improvements are obtained. After bating, wash the stock in running water 
at 70° F. in a drum for 2 minutes and send to be pickled or tanned. 

In attempting to subject sheepskins to procedures developed for other types 
of stock, serious consideration should be given to the contrasting structures of 
sheep skins as compared to those of the other types of stock. Fig. 28 of Chapter 1 
shows the structure of a domestic sheep skin. A very much larger proportion 
of the thermostat layer (grain layer) consists of fat glands and sweat glands than 
for almost any other type of skin, and the hair follicles are not straight, but sharply 
curved. The reticular layer is of very loose structure and is not joined as securely 
to the grain layer as with other types of skins. Fig. 150 shows the peculiar arrange- 
ments of the elastin fibers, which cause the grain surface to become rough. There 
appears to be little doubt that at least a partial breakdown of the elastin fibers is 
essential to make very smooth sheepskin leather. The abundance of glands in the 
thermostat layer provides more degradation products for removal by l)ating than 
is the case for other types of skins. More drastic bating is thus required; but it 
must be remembered that sheep skins have a very loose structure and cannot with- 
stand mechanical handling as well as other types. 

Bating Hogskins 

Many tanners do not bate hogskins because they have a naturally rough grain 
surface and the entire thickness left after fleshing and unhairing is thermostat 
layer alone; the reticular layer consists entirely of adipose tissue, as shown in 
Fig. 33 of Chapter 1. Fig. 151 shows the sparse distribution of elastin fibers in 
hogskin. liowever, the writer has obtained great improvements in hogskin leathers 
by bating them exactly as de.scribed above for calfskins, except for doubling the 
amount of Oropon used 

Bating Various Other Types of Stock 

Kangaroo skins and various types of dry skins can be bated satisfactorily accord- 
ing to the procedures given for goatskins; in most cases, only minor adjustments 
may be required. Practically all stock for shoe uppers can be bated exactly accord- 
ing to the procedure given for calfskins, with possibly minor adjustments which the 
tanner must work out for himself. The same could be said of heavy hides for sole 
leather, harness leather and other heavy leathers were it not for the fact that the 
tanning procedures of perhaps a majority of heavy-leather tanners are based on raw 
stock entering the tan liquors still much plumped by lime. Many tanners of vege- 
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table-tanned sole leather maintain pH values of their tan liquors low enough to take 
care of a large percentage of lime carried in by the stock. In such tanneries, if 
the steer hides were delimed and bated according to the calfskin procedure, they 
would contain so little alkali that the acid tan liquors would cause an acid-swelling 
of the hides after being in the liquors for a few days, and the stock would be 
ruined. A vegetable-tan yard must be adjusted to receive the stock normally com- 
ing from the beamhouse. If the condition of the stock from the beamhouse is 
changed without simultaneously making adjustments in the tan yard, the -results 
may be disastrous. 

Bating Steer Hides for Sole Leather 

Some sole leather tanners do not bate their stock at all. After the stock has 
been unhaired, fleshed and scudded, it is washed in a drum with running water at 
70° F. for 15 minutes. The hides are then suspended in a rocker vat, like that 
used in tanning, containing only cold, running water, and left there for 24 hours. 
They are then hung over into the first rocker vat for tanning, which will be 
described in Chapter 20. Although the tan liquor is acid in reaction, the interior 
of each hide is still strongly alkaline with lime. In the course of the tanning, the 
lime from the hides would gradually neutralize all the acid in the tan liquors and 
poor tanning results would be obtained, if there were no continuous source of acid 
to take care of the lime in the hides. 

The tanner provides a continuous source of acid in his tan liquors by using 
in his tanning mixture such tanning materials as myrobalans, which ferment readily 
with formation of acetic and other organic acids. He controls the percentage of 
acid formed by periodic measurements of the pH values of the tan liquors. Having 
determined by experience the range of pH values that best serves his purpose, he 
maintains this range by regulating the amount of myrobalans used. If the pH 
values rise above his standard values, he increases the proportion of myrobalans 
added to the liquors ; if the pH values fall below the standard values, he decreases 
it. The pH values accepted as standard are those that produce neutralization of 
the hides at any one time only to the depth that the tannins have penetrated in that 
time. This method produces the very plump leather that sole-leather tanners 
desire, and it takes a very long time to bring a tan yard operated on this basis into 
a state of balance. If a single pack of hides were completely delimed and then put 
through such a yard, the acids would penetrate the hides very much more rapidly 
than the tannins, and the hides would be destroyed by an acid swelling. Completely 
delimed hides can safely be put through a yard only when the pH values of the 
liquors are high enough to prevent an undue acid swelling of the untanned layers 
of the hides. 

Failure to bate the hides results in leather that does not have a fine grain, 
and protein degradation products in the grain layer combine with tannin to retai'd 
greatly the penetration of tannin through the grain surface. As bating hides for 
sole leather is very beneficial, sole-leather tanners in increasing numbers are now 
bating their stock. The universal bating of sole leather has been retarded not by 
any lack of desire to bate, but by lack of knowledge as to just what to do so as not 
to upset the delicate balance of the tan yard that would mean disaster to some 
tanners. 

Sole-leather tanneries may be divided rather sharply into two classes : those 
whose liquors are balanced at lower pH values for stock containing much lime, and 
those whose liquors are balanced at higher pH values for stock containing much 
less lime. This chapter is not the place to argue the advantages and disadvantages 
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of the two classes of tanneries. It is desirable to bate all raw stock, and methods 
have been developed for both classes. 

Bating for Yards of Lower pH Value 

For tan yards of low pH value, the stock must not be delimed. The practical 
value of bating is limited to the grain layer which represents less than one-fifth of 
the total thickness of the wet hide. After the stock has been washed with slowly 
running cold water in a rocker vat over night, as described above, drain off the 
water and refill the vat with water at 100° F. containing I- percent of Oropon XX 
based on the limed weight of the stock, and enough sulfuric acid to give the liquor 
a pH value of 5.0. The temperature of the water should really be such as to make 
the temperature of the liquor after contact with the cold stock about 90° F. Allow 
the stock to rock in this liquor for 2 hours ; then drain off the liquor, replace by 
cold, running water, and allow to wash for 1 hour. Then start the stock through 
the tan liquors. The conditions described are to be taken merely for purposes of 
making a practical start, after which the time, temperature and percentage of 
Oropon can be adjusted by experiment to give the best results. Although the stock 
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will Still contain the bulk of its lime, some dclimiug will take place; the tanner must 
therefore be on the alert to adjust the pH values of his tan liquors, if that should 
prove to be necessary. As against no enzyme bating, the stock will show a marked 
improvement in fineness of grain and clearer color and the tannins will penetrate 
more rapidly through the grain surface; but the final adjustments must be made by 
the tanner himself after careful e.x]>erimentiug to determine the best conditions for 
his own particular stock. 
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Bating for Yards of Higher pH Value 

If the pH value of the tail liquor is usually about 5.0 and the pH value decreases 
very gradually toward the head liqiior to a low of about 3.5, bating can be done 
much more effectively in a paddle vat. No myrobalans or other markedly acid- 
producing materials are used in the tan liquors, wherein the pH values may be 
lowered when necessary by direct addition of acid. As a start, follow the pro- 
cedure of deliming and bating given above for calfskins, but limit the time of bating 
to 30 minutes. With this as a standard, run comparative tests to determine the 
ideal procedures for the conditions of the tannery. 

Pickling 

Many types of stock are tanned directly after bating and rinsing, but certain 
other types, particularly for chrome-tanned leathers, are pickled before tanning. 
Pickling consists of bringing the bated stock to a condition of equilibrium in a 
bath of sulfuric acid and salt of fixed concentrations. It has the enormous advan- 
tage of bringing stock of all kinds and conditions into a uniform state. The pro- 
cedure will be described for a pack of 5000 lbs. of bated calfskins, but it is essen- 
tially the same for all types of stock. 

Dissolve 2500 lbs. of salt (sodium chloride) in water to make a total volume 
of 1900 gals, of brine at 60° F. in a 2500-gal. paddle vat, and add 95 lbs. of concen- 
trated sulfuric acid (66° Baume). Mix well, start the paddle running and dump 
the 5000 lbs. of bated calfskins into the liquor. After running for 1 hour, take 
a sample of the pickle liquor for analysis. 

A tanner should have the assistance of a chemist when making his first deter- 
minations of the salt and acid contents of the pickle liquor, and should get a 
reliable source of the standard solution and equipment he will need. But anyone 
can learn very quickly how to make the determinations without further assistance 
from a chemist. He will need a burette, preferably of the automatic type, cali- 
brated in tenths of a cc. ; a 25-cc. pipette for measuring off the pickle liquor ; a 
50-cc. Erlenmeyer flask; a supply of '‘tenth-normal sodium hydroxide” and of 
methyl orange indicator solution ; and a tall glass cylinder of about 250 cc. capacity. 
He should also refer to Wilson and MerrilFs book “Analysis of Leather and 
Materials Used in Making It,” 338-9. He should also have a salometer or other 
hydrometer for measuring specific gravity. A salometer is shown in Fig. 161. 


Table 22. Lbs. of Salt per 2500 Gals, of Pickle Liquor as Determined by Salometer 

Reading at 60° F. 


Salometer 

Specific 

Lbs. salt per 

Lbs. salt per 

reading 

gravity 

gal. liquor 

2500 gals, liquor 

32 

1.0659 

0.800 

2000 

33 

1.0678 

0.825 

2063 

34 

1.0696 

0.845 

2113 

35 

1.0715 

0.867 

2168 

36 

1.0733 

0.890 

2225 

37 

1,0759 

0.924 

2310 

38 

1.0785 

0.958 

2395 

39 

1.0810 

0.990 

2475 

40 

1.0829 

1.013 

2533 

41 

1.0848 

1.040 

2600 

42 

1.0867 

1.065 

2663 

43 

1.0886 

1.090 

2725 

44 

1.0905 

1.118 

2795 

45 

1.0924 

1.140 

2850 

46 

1.0943 

1.167 

2918 

47 

1.0962 

1.190 

2975 
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In order to determine the amount of salt left in the paddle vat, fill the 250-cc. 
glass cylinder to the brim with the pickle liquor, insert the salometer and note the 
reading at 60° F. From Table 22, read off the number of lbs. of salt per 2500 gals, 
of liquor corresponding to the salometer reading. 

If the salometer reading is 40 or higher, do not add any more salt ; if it is lower 
than 40, subtract the amount of salt shown in the table from 2500 lbs. and add the 
difference to the paddle vat. If the paddle vat has a capacity including the skins 
of some amount different from 2500 gals., get the amount of salt by taking the 
amount of salt given in the table for 1 gal. and multiply it by the total volume in 
the vat. Then add the salt necessary to make a total of 1 lb. per gal. If no 
salometer is available, use any method for determining specific gravity and use 
the specific-gravity column in the table to find the amount of salt present. A 
barkometer reading to 100° can be used. Divide the barkometer reading by 1000 
and add 1. This will give the specific gravity, from which the amount of salt can 
be read from the table. For example, if the pickle liquor has a barkometer reading 
of 81°, divide 81 by 1000 to get 0.081 and add 1 to get 1.081 for specific gravity. 
This corresponds to 2475 lbs. of salt. 

It is the sole object of this salt control to have the final pickle liquor, when 
the stock is ready to be hauled out, contain 1 lb. of salt for each gal. of litiuor plus 
skins. 

In order to determine the amount of acid left in the paddle vat, pipette 25 cc. 
of the pickle liquor into the 50-cc. Erlennieyer flask and add one drop of the methyl 
orange indicator, which will cause the liquor to turn red in color, if there is any 
acid left. If it turns red, fill the burette to the 0.0 mark with standard tenth-normal 
sodium hydroxide and then run it drop by drop into the 25 cc. of pickle liquor 
in the flask, twirling or shaking after each addition, until the color just starts 
changing from red to yellow and is of an orange shade. Note by reading the 
burette how much of the standai'd solution was required to change the color in 
25 cc. of the pickle liquor. If the reading is 6.0 or more, add no more acid at this 
time. A reading of exactly 6.0 means that the vat contains 25 lbs. of pure acid. 
Thus each 1.0 cc represents 4| lbs. of acid in the 2500-gal. vat. Subtract the 
reading from 6.0 and multiply the difference by 4j|- and the result will be the num- 
ber of pounds of sulfuric acid to add to the vat. If the pickle liquor turned yellow 
without the addition of any standard alkali, add 25 lbs. of acid to the vat. 

After the paddle has run 2 hours, again determine the amounts of salt and acid 
and add whatever may be necessai'y to l)ring the amount of salt to 2500 lbs. and the 
amount of acid to 25 lbs. For vats of any other sisie, the amounts to maintain are 
1 lb. of salt, and 0.01 lb, of sulfuric acid per gal. of liquor i)lus stock. Leave 
the stock in the liquor over night, having the paddle run for a1)Out 1 minute each 
hour, if possible. Next morning, run the paddle for 30 minutes, take a sample and 
repeat the determinations of acid and salt and add whatewer may l)e necessary to 
make the final concentrations of 1 lb. of salt and 0.01 lb. of acid per gal. Then 
haul out the stock and pile it on wooden horses or on a fiat truck. 

Each liquor may safely be used to pickle 15 pack.s of skins before running 
it to the sewer. For each succeeding pack, add water to make a total of 1900 
gals, before the stock is entered and add 600 lbs. of salt and 70 llis. of acid. Mix 
well, dump in the pack of 5000 lbs. of bated stock and proceed exactly as for the 
first pack. Always run the paddle for at least two hours after the .stock is entered 
and always pickle over night, running the paddle for 1 minute out of each hour 
after the first two hours. Regardless of the size of tlie pack or capacity of the 
paddle vat, always add salt and acid in such amount. s that the final liejuor, just 
before hauling out the pack, contains 1 lb. of salt and 0.01 lb. of acid per gal. 
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The 66° Baume sulfuric acid really contains only about 93 percent by weight of 
sulfuric acid, but this makes no practical difference so long as the final testing of 
the liquor shows a titration of 6.0 cc. for 25 cc. of pickle liquor. In the older 
liquors, the salometer reading will include accumulated lime salts, but this also 
makes no practical difference; the important thing is to have a final salometer 
reading of 40. 

The same procedure may be used for any type of bated stock without any change. 
In pickling sheepskins for storage, it is customary to increase the final amount of 
acid in the liquor about six-fold, but this is done only to prevent mold growth 


Courtesy of Ohio Leather Co. 

Fig. 162. Hauling Out and Horsing Pickled Calfskins. 

and is not necessary when the stock is to be tanned in a reasonable length of 
time. In a cool place (about 60°F.) pickled stock may be kept for many months 
without harm; but it is desirable to repickle it, doubling the final amount of acid, 
whenever it has been piled for a week or longer after pickling. This is merely 
to equalize any irregularities in distribution of acid before the stock enters the 
tan liquors. 

Fig. 162 shows workmen hauling calfskins from paddle vats and piling them 
on wooden horses to drain. Fig. 163 shows a typical wooden horse. 

It is customary to pickle all stock to be chrome-tanned by the one-bath process. 
Some tanners of vegetable-tanned leathers assort the stock after bating and send 
to be pickled only the stock that is salt-stained or discolored by iron stains. In 
vegetable-tanning pickled stock, special precautions must be taken to have a suf- 
ficient amount of salt present in the tan liquors to guard against acid swelling. 
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Drenching 

Some tanners do not pickle their stock, but subject it to 
as drenching to give it a mildly acid reaction before tanning Ihe diench 1 
is prepared by soaking bran in water in the proportion of fiom fni-i-mtion 

oer 100 gals of water at about 90° F. and allowing it to ferment, w th fo'^ahon 
of organic acids. The skins are. treated with, this liquor 

skilled workmen determine by the feel and appearance of the stock just how Ion., 



Coitrfasy Chas. 11, Stchlintf Co. 

Fig. 163. A Typical Wooden Horse for Piling Wet Stock. 

to carry on the drenching for the particular tanning process to he employed. This 
may vary from one to several hours. The organic acids dissolve any Inne remaining 
in the stock and the particles of bran exert a cleansing action on the skins, 
absorbing dirt and greases. However, in some tanneries, fermentation is earned 
out in si'iecial tanks and only the clear, decanted acid .solution is used on the stodn 
During the drenching operation, a considerable amount oE gas is evolved, which 
cause.s the skins to fli:iat to the surface when the paddle is not miming. In a clrencli 
in actual use, Wood analyzed both the gases and tlie acids formed and found tliem 
to have the following approximate percentages ; 
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Gases Acids 


Hydrogen 

47 

Lactic 

77 

Nitrogen 

26 

Acetic 

19 

Carbon dioxide 

25 

Formic 

3 

Oxygen 

2 

Butyric 

1 

Hydrogen sulfide 

trace 



It , was found that the starch of the bran is converted into glucoses and dextrin 
by the action of an amylolytic enzyme, cerealin, discovered by Mege Mouries. 
It resembles the diastase of translocation described by Brown and Morris in their 
work on the germination of grass seeds. It transforms starch into dextrin and 
glucose, whereas ordinary malt diastase transforms starch into dextrin and mal- 
tose. The action of cerealin is much slower than that of diastase. The sugars 
are then fermented by bacteria {Bacillus furfuris) with the formation of the organic 
acids listed above. The principal acid produced is lactic; the acetic acid is pro- 
duced directly from the glucoses without any preliminary alcoholic fermentation 
by yeasts. 

In the hands of experienced operators, the drenching process seldom gives 
much trouble, but it is not quite foolproof. If the acidity of the liquor increases 
rapidly and the skins are not removed in time, they become excessively swollen 
and may even be destroyed by hydrolysis, especially if the liquor is very warm. 
How much enzymes play a part in this hydrolysis is not yet known. Apparently 
danger from this source can be prevented by adding salt to the liquor to repress 
the swelling of the skin just as soon as it becomes very noticeable. 

J. S. Rogers studied the effect of lactic and acetic acids upon the plumping 
of hide substance and found a maximum degree of plumping at a pH value of 2.3, 
whichever acid was used. The acid plumping was decreased by addition of tannin. 

In his review of the damag'e to skins that may be caused by improper control 
of the drenching operation. Wood points out that the discovery of the effectiveness 
of salt in preventing the destruction of skin in an acid liquor that would otherwise 
cause excessive swelling represents the origin of the modern pickling process. 

Sometimes the fermentation may not proceed in the usual manner and the 
liquor, instead of becoming acid, turns slightly alkaline, frequently becoming bluish 
black, due to the presence of chromogenic bacteria. Under these conditions the 
skin is rapidly attacked by proteolytic organisms, but may be saved if transferred in 
time to a solution of acid and salt. 

When the fei'mentation is accompanied by a very rapid evolution of gas, the 
skins may be damaged by the formation of gases inside of the skin ; these burst out 
through the grain surface, leaving small holes. A damage very similar in appear- 
ance may be caused by proteolytic bacteria developing on the grain surface, each 
colony forming a small hole. This usually results from operating the drench at too 
high a temperature. A high temperature, especially in the presence of an excess 
of acid over that normally present, may result in a considerable amount of hydrol- 
ysis of collagen, and leather will feel rather spongy and empty. 

When bacteria attack the grain during drenching, the surface of the finished 
leather may show dull patches, as though it were etched. In one instance, Eitner 
found that this was caused by Bacillus mcgaterium, which formed a slimy film over 
the grain surface, which was attacked by a proteolytic enzyme secreted by the 
bacillus. 

Wood and Wilcox showed that if the acids ordinarily found in the drench are 
used in pure solution in the proportions in which they occur in the drench, the 
action upon the skin is the same, except for being more rapid. With the appreci- 
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ation of the fact that the active constituent of the drench is tlic acid formed, tan- 
ners began to substitute pure solutions of organic acids, such as lactic and acetic. 
These could be used with safety, simply by adding the acid at such rate as to keep 
the solution just neutral to methyl orange. Hydrochloric acid, being cheaper, 
is often used, although it makes the control more delicate. In this way practically 
all the lime can be removed from the skins and the skins then combine with a 
sufficient amount of the acid so that they do not reduce the acidity of the ordinary 
vegetable tan liquor into which they may be put. 
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Chapter 10 

Vegetable-Tanning Materials and 
Their Properties 

If a wet, raw skin is thrown over the limb of a tree or across a log, it usually 
becomes stained. The stained areas appear quite different from the areas not 
stained, both while the skin is still wet and after it has dried. If the skin is 
allowed to decompose, it will be found that the stained areas do not putrefy. This 
fact was certainly known more than 12,000 years ago and probal)ly was discovered 
not long* after humans began to kill animals and flay them to get their skins for 
protective coverings. Practically every archeological discovery of ancient civiliza- 
tions has yielded treasures in the form of leather goods. Discoveries of civilizations 
dating back into the early -stone age have yielded stone daggers encased in well 
made leather sheaths. 

Ancient Leathers 

A famous German archeologist. Dr. Walter von Stockar of Berlin, found many 
remains of ancient civilizations in northern Germany dating back to 10,000 B. C. 
In all of them, he found leather goods in the forms of sheaths, straps, trimmings, 
etc. Pie kindly sent the writer some nine tiny samples dating from 2300 B. C. to 
400 A. D. In a tiny piece of leather strap, dating from 2300 B. C., the writer 
found the fibers still quite strong and in good state of preservation. All the 
ancient specimens of leather goods are so highly treasured that the writer could 
not hope to get enough of any one to make a complete analysis and thorough study. 
Plowever, he secured enough of a sample of leather dating back to 50 B. ( '. to get 
a good photomicrograph of it, A vertical section of it is shown in iMg. 164 at a 
magnification of 120 diameters. The entire grain layer has l)een worn away, but 
the size and arrangement of the fibers suggest that it may have l)een made from 
a young animal of the ox family. It has been vegeta])le~tanned and the fil,)crs are 
still strong and flexible. 

All of Dr. von Stockar’s findings prove that vegetable tanning was a highly 
developed art over 12,000 years ago. 

It has been known for thousands of years that most forms of plant life con- 
tain an active principle, capable of extraction by hot water, that is capable of com- 
bining with protein, converting it into the imputrescible material known as leather ; 
but only during the last hundred years have chemists developed the technic required 
to determine the chemical nature of this active principle, which consists of thou- 
sands of related chemical substances classed under the general name of the tannins. 
In 1913, Emil Fischer announced his success in synthesizing the first tannin pro- 
duced artificially. It was the chemical substance known as penla-meta-digalloyl- 
bcfa-gkicose, which is allied to the tannins found in Chinese nutgalls. 

Spurred on by Fischer's success, chemists have since made very extensive 
studies of tlie tannins. Much of this work is still primarily of academic interest, 
because the natural tannins are abundant and cheap, and it is unlikely that any 
synthetic tannin could compete witli the natural tannins in price during our time. 
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Commercial Sources of the Tannins 

Among the materials which have assumed commercial importance as a source 
of tannin for leather manufacture are barks, woods, leaves, twigs, fruits, pods, and 
loots. Tanning extracts obtained from different sources show very different prop- 
erties, which a,re due in a large measure to the foreign matter extracted with the 
tannin. Certain plant cells are very rich in tannin. In the living cell,. the tannin 
occurs dissolved in the cell sap and associated with other substances, including 
carbohydrates and salts. Lloyd has indicated evidence that the carbohydrates are 
a,ble to link up with the tannin in some way so as to prevent its attack upon the 
living protoplasm. The tannin appears to be useful in some way in the metabolism 
of the plant. 



Cot'trtesy Dr. Walter von Stockar. 


Fig. 164. Vertical Section of Ancient Vegetable-tanned Leather (about 50 B. C.). 
Location: not known. 

Thickness of section : 20 microns, or 0.00079 inch. 

Magnification: 120 diameters. 


Wilson and Thomas compiled for inclusion in '‘International Critical Tables” a 
list of natural sources of tannin, arranged alphabetically according to botanical name. 
This list is given in Table 23. The names and tannin contents were taken from 
the literature at large for what they may l)e worth; in some cases the information 
given may be considerably in error. The place grown may indicate either the 
place where the sample analyzed was .grown or the place where the material grows 
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Table 23. Sources and Tannin Contents of Different Tanning Materials. 


Botanical Name 


Common Name 


Place Grown 


Per cent Tannin 


Abies alba 
Abies canadensis 
Abies dumosa 
Abies excelsa 
Abies grandis 
Abies^ pectinata 
Acacia acuminata 
Acacia anema 
Acacia angica 

Acacia arabica 

Acacia binervata 
Acacia brachybotyra 
Acacia catechu 

Acacia cavenia 

Acacia cebil 

Acacia Cunningham it 
Acacia cur up i 
Acacia dealbata 
Acacia decora 
Acacia decurrens 
Acacia data 
Acacia falcata 
Acacia flavcscens 
Acacia granulosa 
Acacia homalophyla 
Acacia horrida 
Acacia koa 
Acacia leptocarpa 
Acacia longifolia 

Acacia melanoxylon 

Acacia microhotyra 
Acacia mollissima 
Acacia ncriifoha 
Acacia oswaldi 
Acacia penninervis 
Acacia podalyriaefoUa 
Acacia polystachya 
Acacia pycnaniha 
Acacia salicina. 

Acacia saligna 
Acacia sentis 
Acacia scyal 
Acacia sp. 

Acacia spiralis 
Acer camphcllii 
Acer campestre 
Alchornea triplincrvia 
Allophylus cdulis 
Alnus firma 
Alnus glutinosa 
Alnus incana 
Alnus maritima 
Alnus oregona 
Anacardium occidcntalc 

Angophora intermedia 

Angophora lanccolata 
A nogeissus acu min ala 

A nogeissus lati folia 

A nogeissus pendula 
Apuleia praecox 
A rctostaphylos uva-ursi 
Areca^ catechu 
A spidiosperma 
polyneuron 

A spidiosperma 
guehracho-blanco 

A vicenn ia o fficinal is 
Banksia in teg rifol i a 
Banksia scrnita 


White spruce 
Hemlock fir 
Hemlock spruce 
Norway spruce 
Lowland fir 
Silver fir 

Raspberry jam wood 

Mulga 

Angica 

Babul 

Black wattle 
Blue bush 
Cutch 

Espinillo 

Red cebil 

Pea wattle 
Curupy 
Silver wattle 
Blue bush 
Green wattle 
Mountain hickory 
Stunted wattle 
Red wattle 

Yarran 
Doornbosch 
Koa tree 

Wild willow 
Blackwood 

Manna wattle 

Gi’een wattle 
Black wattle 
Miljie 

Hickory wattle 
Silver-leaved wattle 

Golden wattle 

"VVillow wattle 

Weeping willow 

Thorny wattle 

Talh 

Gallol 

Guaiac 

Himalayan maple 

Field maple 

Tapia gwazu-ih 

Koku 

Minibari 

Alder 

Grey alder 

liannoki 

Red alder 

Kashew nut 

Rough-barked apple 

Smooth-barked apple 
Yon 


Dhawa 


Yhvihra-pere 
Bearberry 
Betel nut palm 
Palo rosa 


White quebracho 

White mangrove 
Coast b on eysucki e 
Heath honeysuckle 


Northern America 

Burk 7-13 

Northern America 

Burk 8-15 

Northern America 

Bark 10 

Northern Europe 

Bark 7-13 

California 

Bark 9 

Europe 

Bark 6- IS 

Australia 

Bark 4-15 

New South Wales 

Brazil 

India 

Bark S-9 

Bark 20-25 
/Bark 12-20 
t Pods 20-42 

Australia 

Bark 27-30 

New South Wales 

Bark 21 

India 

Wood ext. 60 

South America 

/Pods 18-21 

1 Bark 6 

Argentina 

/Bark 10-15 

1 Leaves 6-7 

Queensland 

Bark 9-18 

South America 

Bark 18 

A.ustralia, Africa and Asia Bark 14-32 

New South Wales 

Bark 14-23 ■ 

Australia 

Bark 18-.51 

New South Wales 

Bark 20-31 

Queensland 

Bark 13-37 

Queensland 

Bark 19-22 

New Caledonia 

Bark 12 

New South Wales 

Bark 9 

Cape Good Hope 

Bark 8-18 

Hawaii 

Ikirk 18 

Queensland 

Bark 10 

Cyprus and Australia 

Bark 7-19 

New South Wales 

[Bark 11-13 
l Leaves 3 

TBark 18-27 
\ I.eaves and twigs 20 

Australia 

Bark 12-47 

Australia 

Bark 14 

Australia 

Bnrk 10 

Europe and Australia 

Bark 14-38 

QueeUvSland 

Bark 8-21 

Queensland 

Bark 18 

Australia 

Bark 26-50 

Australia 

Bark 6-20 

New South Wales 

Bark 28 

New South Wales 

Bark 6-18 

Sudan 

Bark 18 

Somaliland 

Bark 24 

New Caledonia 

Bark 17 

India 

Bark 3 

Europe 

Bark 4 

Paraguay 

Bark 13 

Paraguay 

Bjirk 10 

Japan 

Fruits 25 

Europe 

Bark 16-20 

Europe 

Bark 10 

Japan 

Fruits 25 

Pacific states 

Bark 9 

India 

Bark 9 

New South Wales \ 

fBark 4-S 

Kino 65 

Australia 

rBark 6-11 

Kino 61-68 

India 

India 

Bark 10 
fBark 16 

Leaves 10-18 

Shoots 20-30 

Red tips 54 

Bark 9 

1 

T ndia 

Paraguay 

Bark 1 1 

Russia 

India 

Leaves and twigs 14 
Fruits 10-15 

Paraguay 

Bark 3 

Argentina < 

“Leaves 27-28 

Bark 4 

Wood 3 

1 

Queensland 

Bark 4-24 

Queensland 

Bark 6-11 

Australia 

Bark 11-23 
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Table 23 — (Continued) 


Botanical Name 

Bauhinia vahlii 
Betula alba 
Betula lenta 
Boswellia serrata 
Briiguiera gymnorrhiza 
Bruguiera parvifiora 
Bruguiera rheedii 

Bruguiera rhumphii 

Bumelia ohtusifoUa 
Byrsonima cydoniacfolia 
Byrsonima s'picata 
Cab rale a sp. 

Caesalpinia hrevifolia 
Caesalpinia cacolaco 
Caesalpinia coriaria 
Caesalpinia digyna 

Caesalpinia^ melanocarpa 
Caesalpinia tinctoria 
Callitris calcarata 
Caliitris glauca 
Camellia the a 
Carapa moluccensis 
Carissa spinarum 
Cassia auriculata 

Cassia fistula 
Castanca cesva 


Castanea dentata 


Common Name 

Place Grown 

Per cent 

Muhurain bark 

India 

Bark 9 

White birch 

Northern Evirope 

Bark 2-18 

Black birch 

Northern America 

Bark 3-18 

Salai bark 

India 

Bark 13 

Black mangrove 

East Africa and AustraliaBark 22-52 

Hagai ay 

Philippines 

Bark 7-13 

Red mangrove 

Queensland 

Bark 15-22 
( Bark 27-42 

Mangrove 

New Caledonia 

■i Root bark 6 
iRoot wood 9 

Pihkasurembiu 

Paraguay 

Bark 8 

Mureci 

Bolivia 

Bark 20 

T amwood 

South America 

Bark 44 

Cancharana 

Paraguay 

Bark 5 

Algarobilla 

Chile 

Pods 43-67 

Cascalote 

Mexico 

Pods 40-55 

Divi-divi 

Central America 

Pods 30-50 

Tari 

India and Burma 

Pod cases 40 

Guyacan 

Argentina 

/Pods 15-23 
tWood 8 

Celavinia 

Central America 

Pods 30-32 

Black cypress pine 

Australia 

Bark 12-34 

Cypress pine 

Australia 

Bark 11-24 

Tea 

Asia and Africa 

Leaves 5-10 

Orange mangrove 

Queensland 

Bark 23-34 

India 

Leaves 8-12 

Tar war 

India 

.Bark 16-22 

Amaltas 

South India 

/Bark 11-15 
iPod husk 17 

Spanish chestnut 

/ Southern Europe 

1 Southern U. S. 

Bark 6-8 
Wood 7-11 


American chestnut 


Southeastern U. S. 


Castanea pubinervis 

Japanese chestnut 

Japan 

Castanopsis chrysophylla 

Western chinquapin 

Pacific states 

Castanopsis sinensis 

Gie-gay 

Indo-China 

Casuarina 

Iron wood 

New Caledonia 

Casuarina equisetifolia 

Casagha pine 

Southern Asia 

Casuarina glauca 

Bull oak 

New South Wales 

Ceanoihus velutina 

Snow bush 

Western U. S. 

Ceriops candolleana 

Bahau or mangrove 

Australia, India and 
Africa 

Ceriops roxhurghiana 

Goran 

India 

Ceriops tagal 

Tangal 

Philippines 

Cleistanthus collinus 

Kodarsi 

Cocos romanzofifiana 

Pindo 

Paraguay 

Copaifera lansdorfii 

Kupaih 

Paraguay 

Coriaria myrtifolia 

French sumac 

France 

Coriaria nepalensis 


India 

Coriaria riiscifolia 

Tutu 

New Zealand 

Corylus^ avellana 

Hazel 

Europe 

Coulteria tinctoria 

Tara 

Algeria and Peru 

Crossostylis multiflora 

Bush mangrove 

New Caledonia 

Cryptomeria japonic a 

Japanese cedar 

Japan 

Cupania sp. 

Cedrillo 

Paraguay 

Cupania uragvicnsis 

Kambuata 

Paraguay 

Cupania vernalis 

Yaguarataih 

Paraguay 

Dalhergia sp. 

Yhsapih-ih 

Paraguay 

Dioscorea atropurpurca 

Cu-nao 

Indo-China 

Elaeocarpus granLs 

Blue fig bark 

New South Wales 

Elephantorrhiza hurchcllii 

Elephant roots 

Africa 

Enterolobium timhouva 

Timbo 

Paraguay 

Eremophila longifolia 

Emu bush 

New South Wales 

Eucalyptus accedcns 

Spotted gum 

Australia 

Eucalyptus alba 

Mountain gum 

Australia 

Eucalyptus amygdalina 

Ribbon gum 

New South Wales 

Eucalyptus campaspe 

Silver-topped gimlet 

Australia 


Stump and trunk 
bark 13 

Stump heartwood, 
center 9 
intermediate 13 
edge 16 

Root wood 17 - 
Root bark 31 
Trunk heartwood, 
center 9 
edge 15 

/ Bark 6 ’ 

I Wood 7 
Bark 8 
Bark 12 
Bark 10 
Bark 11-18 
Bark 12-lS 
Leaves 17 
Bark 24-42 

Bark 13 
Bark 24-37 
Bark 33 
Bark 7 
Bark 17 
Leaves 15 
Leaves 20 
Bark 16-17 
Bark 5 
Pods 43-Sl 
/Wood 21 
I Bark 3 
Bark 6 
Bark 16 
Bark 18 
Bark IS 
Bark 6 
Tubers 20 
Bark 10 
Root 6-22 
Bark 22 
/Bark 5 
\ Leaves 10 
Bark 18 
Bark 30-32 
Kino 58-65 
Bark 27 
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Table 23 — (^Continued) 


Botanical Name 

Common Name 

Place Grown 

Eucalyptus corymhosa 

Bloodwood 

New South Wales 

Eucalyptus corynocalyx 

Sugar gum 

Australia 

Eucalyptus diversicolor 

Karri 

Australia 

Eiicalyptus erythronema 

White mallet 

Australia 

Eucalyptus falcata 

Silver mallet 

Australia 

Eucalyptus gardneri 

Blue-leaved mallet 

Australia 

Eucalyptus globulus 

Eucalyptus 

Australia 

Eucalyptus gunnii 

Red gum 

New South Wales 

Eucalyptus longifolia 

Woolly-butt 

Australia 

Eucalyptus loxophleba 

Y ork gum 

Australia 

Eucalyptus maculata 

Spotted gum 

New South Wales 

Eucalyptus obliqua 

Stringy bark 

New South Wales 

Eucalyptus occidentalis 

Black mallet 

Australia 

E u caly p t us occ i dental is 

Red mallet 

Australia 

astringens 



Eucalyptus odorata 

White box 

New South Wales 

Eucalyptus pallidifoUa 

Micum 

Australia 

Eucalyptus paniculata 

Grey ironbark 

Australia 

Eucalyptus piperita 

Messmate 

New South Wales 

Eucalyptus platypus 

Round leaf moort 

Australia 

Eucalyptus rcdunca 

Wandoo 

Australia 

Eucalyptus rcdunca 

Blue leaf mallet 

Australia 

oxymitra 



Eucalyptus rcsinifera 

Stringybark 

Australia 

Eucalyptus robusta 

Mahogany 

Florida 

Eucalyptus rostrata 

Red gum 

Australia 

E ucalyp tus salmonop hlo 1 a 

Salmon gum 

Australia 

Eucalyptus salubris 

Gimlet 

Australia 

Eticalyptus siderophloia 

Red iron bark 

New South Wales 

Eucalyptus sideroxylon 

Ironbark 

New South Wales 

Eucalyptus sieberiana 

Mountain ash 

New South Wales 

Eucalyptus smithii 

Gully ash 

New South Wales 

Eucalyptus spathulata 

Swamp gimlet 

Austral ill 

Eucalyptus stellulata 

Black gum 

New South Wales 

Eucalyptus stuartiana 

Apple 

New South Wales 

Eucalyptus torquata 

Flowering gum 

Australia 

Eucalyptus viminalis 

Manna gum 

New South Wales 

Eugenia hrasiliensis 

Yhva-poroitih 

Paraguay 

Eugenia jambolana 

Java plum 

India 

Eugenia jambos 


Brazil 

Eugenia maire 


New Zealand 

Eugenia michcUii 

Nangapirih gwazu 

Paraguay 

Eugenia pungens 

Yhva viyu 

Paraguay 

Eugenia smithii 


Australia 

Eugenia sp. 

Yhvajhay puihta gwazu 

Paraguay 

Exocarpus cupressiformis 

Native cherry 

Australia 

Fiscus sp. 

Kili bark 

Sudan 

Fusanus acuminatus 

Quandony 

Australia 

Garicin ia mangostana 

Mangoustan 

Cochin Cliina 

Grevillia striata 

Beefwood 

Australia 

Guarea sp. 

Guare 

Paraguay 

Hakca glahcHa 

Prickly pear 

Australia 

H akea Icucoptcra 

Needle bark 

New South Wales 

H criticra fames 

Sundri bark 

India 

Hopea odorata 


India 

Hopea parvtflora . 

Iron wood 

India 

Hydnora longicolHs 

Ganib 

Africa 

Inga affinis 

Inga gwazu 

Paraguay 


I’er cent Tannin 

f Kino 63-69 

< Leaves 18 
I Bark 6 

Bark 21-28 
Bark 16-20 
Bark 30 
Bark 5-32 
Bark 23-31 
Sap 28 
/ Leaves 1 7 
VBark 11 
Bark 2-16 
Jiark 5-10 
f Kino 37-45 

< Bark 3-10 
I Leaves S 

Bark 2-17 
Bark 20-26 
Bark 34-57 


Leaves 7 
Bark 28 
/Bark 8-30 
■\ Kino 72-83 
f Kino 32-62 
\ Leaves 13 
Bark 25-29 
Bark 16-20 
Bark 22-30 

/Bark 1-6 
I Kino 74 
r.eaves 12-17 
fBark 16 

< Kino 30-83 
I Wood 2-14 

Bark 8-20 
Bark 16-19 
f Kino 35-73 
\ Bark 7-13 
I Leaves b 
/Bark 16-33 
\ Kino 44 
Bark 5-37 
Bark 21-28 
Bark 26 
/Bark 13 
I Leaves 17 
/ Bark 3-5 
I Leaves 10 
Bark 17 
f Bark 4-8 
\ Kino 69 
I T.eaves 4 
f Bark 43 

< Leaves 17 
I Wood 12 

Bark 19 
Bark 12 
Bark 16-17 
Bark 29 
Bark 11 
Bark 17 
Bark 16-29 
Bark 15-23 
Bark 19 
Bark 19 
Fruit shells 14 
Bark 18 
Bark 10 
Bark 18-20 
Bark 11 
Bark 7 

fBark 14-15 ■ 

\ Leaves 11 
I Wood 10 
Bark 17-22 
Roots 32 
Bark 26 
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Table 23 — (^Continued') 


Botanical Name 

Common Name 

Place Grown 

Per cent Tannin 

Inga feuUlei 

Paypay 

Peru 

Pods 12-15 

Juniperus recurva 

Weeping blue 

Japan 

Bark 8 

Krameria triandria 

Rhatany 

Peru 

Root bark 20 

Larix dahurica 

Larch 

Japan 

Bark 9 

Larix europaea 

Larch 

Europe 

Bark 9-10 

Larix occidcntalis 

Western larch 

N. W. United States -1 

fBark 11 

L Wood 7 

Laurns Hngue 


Chile 

Bark 17-19 

Leuceadendron argenteum 

Silver tree 

Cape Good Hope 

Bark 9-16 

Leucospermum conocarpum 

Knotted tree 

Cape Good liope 

Bark 10-22 

Ludwigia caparossa 

Caparossa 

Brazil 

Bark 20-25 

Lysiloma Candida 

Palo bianco 

Lower California 

Bark 26 

Madura pomifera 

Osage orange 

Texas 

Wood 11 

Malpighia faginea 

Nance 

Mexico 

Bark 26 

Malpighia punicifolia 

Mangrutta 

Nicaragua 

Bark 20-30 

Mimosa farinosa 

Mimosa 

Argentina 

Bark 4 

Mimosa pudica 

Mimosa 

India 

Roots 10 

Mimosa sp. 

Yukeri gwazu 

Paraguay 

Bark 11 

Myrica asplenifolia 

Sweet fern 

Michigan \ 

r Leaves 4-5 

L Roots 4-6 

Myrica nagi 

Box myrtle 

India 

Bark 13-27 

Nauclea gambir 

Gambler 

East Indies 

Leaves and twigs 5-6 

0 cotea bullata 


South Africa 

Bark 6 

Ocotea sp. 

Yhva-iha 

Paraguay 

Bark 11 

Osyris abyssinica 


Transvaal 

Leaves and twigs 

13-25 

Osyris arborea 


Northern India 

Leaves 20 

Osyris compress a 

Cape sumac 

Cape Good Hope 

Leaves 17-23 

Oxalis gigantea 


Chile 

Bark 25 

Paullinia sorbilis 

Guara 

Brazil 

Fruit 43-55 

Pdtophorium dubnmi 

Yhvihra puihta 

Paraguay 

I 

Bark 3 1 
[Leaves 12-24 

Pentacmc suavis 


India i 

I 

Bark 7-13 

L Wood 4 

f Stoned fruit 26-35 

Phyllanthus emblica 

Ami a 

India 

Leaves 23-28 

1 Bark 15-24 

Phyllocladus asplenifolia 

Celery-topped pine 

Tasmania 

Bark 23 

Phyllocladus rhomboidalis 

Celery-topped pine 

Tasmania 

Bark 15-21 

Phyllocladus trichomanoides 

New Zealand 

Bark 28-30 

Picea glehni 

Red yezomatsu 

Japan 

Bark 19 

Picea sitchensis 

Sitka spruce 

Pacific states 

Bark 12-18 

Pinus cembra 

Pine 

Alpine Europe 

Bark 3-5 

Pinus densiflora 

Red pine 

Japan 

Bark 6 

Pinus halepensis 

Aleppo pine 

Mediterranean coasts 

Bark 10-20 

Pinus Khasya ^ 

Pine 

Burma 

Bark 7-10 

Pinus longifoHa 

Long-leaved pine 

India 

Bark 11-14 

Pinus muricata 

Swamp pine 

California 

Bark 13 

Pinus radiata 

Monterey pine 

California 

Bark 14 

Pinus sylvestris 

Scotch fir 

Northern Euroiie 

Bark 4-5 

Pinus thunbergii 

Black pine 

Japan 

Bark 6 

Piptadenia cebil 

Argentina 

Bark 15 

Piptadenia rigida 

Kurupaili-ra puihta 

Paraguay 

Bark 28 

Pistacia lentiscus 

Pistacio 

Mediterranean 

Leaves 12-19 

Pistacia orient alis 

Pistacio 

India 

Galls 30-40 

Pithecolobium dulce 

Camanchile 

Mexico 

Bark 15-25 

Polygonum amphibium 


Missouri j 

r Roots 22 

L Branches 17 

Polygonum bistort a 

Snakeweed 

England 

Roots 16-21 

Populus tremula 

Poplar 

Europe 

Bark 3 

Prosopis oblonga 

Abu-surug 

Sudan 

Bark 14 

Protea grandiflora 

Cape Good Hope 

Bark 15-16 

Protea mellifera 

Sugarbush 

Cape Good Plope 

Bark 18-25 

Pseudotsuga taxifolia 

Douglas fir 

Pacific states 

Bark 7 

f Fruit rind 27-30 

Pfinica granatum 

Pomegranate 

India 

Kernel 32 

1 Bark 18-22 

Quebrachia lorenteii 

Quebracho 

Argentina and Paraguay ^ 

r Wood 20-30 

L Bark 6-8 

Quercus aegilops 

Valonia 

Mediterranean 

Acorns 17-40 

Quercus agrifolia 

Live oak 

California 

Bark 19 

Quercus alba 

White oak 

Northern America 

Bark 7 

Quercus calif ornica 

Black oak 

California 

Bark 10 

Quercus ccrris 

Turkey oak 

Southern Europe 

Galls 35 

Quercus chrysolepis 

Maul oak 

Pacific states 

Bark 7-12 

Quercus coccifera 

Kermes oak 

Mediterranean 

Bark 10-18 

Q H ercus coccinea 

Scarlet oak 

United States 

Bark 8 

Quercus densiflora 

Tanbark oak 

California 

Bark 10-29 

Quercus dentata 

Japanese oak 

Japan 

fBark 11 

IWood 7 



278 


MODERN PRACTICE IN LEATHER MANUFACTURE 


Table 23 — (Continued) 


Botanical Name 

Common Name 

Place Grown 

Per cent Tannin 

Quercus fcnestrata 


Northern India 

Bark 10-16 

Quercus garryano 

Pacific post oak 

Pacific states 

Bark 6-7 

Quercus grosseserrata 

Water oak 

Japan 

fBurk 9 

1 Wood 2 

Quercus ilex 

Evergreen oak 

Southern Europe 

Bark 5-11 

Quercus incana 


India 

Bark 22 

Quercus infect oria 

Aleppo 

Turkey 

Galls 24-60 

Quercus lamellosa 

Hill oak 

Northern India 

Bark 8-10 

Quercus lineata 


Northern India 

Bark n 

Quercus lobata 

White oak 

California 

Bark 12 

Quercus mirbcchi 


Algeria 

Bark 8 

f Acorn cups 13-15 

Quercus pachyphylla 

Sungra katus 

Northern India 

Bark 12-13 

1 Leaves 10 

Quercus priniis 

Chestnut oak 

G'nitcd States 

Bark 9-12 

Quercus pseudocornea 

Gie-quang 

Indo-China 

Bark IP 

Quercus robur 

Common oak 

Europe and U. S, 

fBark 9-12 
\ Wood 2-4 

Quercus rubra 

Red oak 

Northern America ] 

Ul'wig galls 35 
iBark 4-6 

Quercus sp. 

Gi e-bob 

Indo-China 

Bark 11 

Quercus sttber 

Cork oak 

Europe 

Bark 12-19 

Quercus tocac 


Southern France 

Bark 14 

Quercus velutina 

Black oak 

United States 

Bark 6-12 

Quercus wisliceni 

Highland oak 

('alifornia 

Bark 7-8 

Rhaedia brasiUensis 

Pakuri 

Paraguay 

Philippines 

Bark 22 

Rhisophora confugata 

Mangrove (C’uieh) 

Bark 26-32 

Rhisophora mangle 

Mangrove ((’utch) 

Tropical coasts -j 

fBark 15-42 

1 Leaves 22 

Rhisophora mucronata 

Mangrove (Cutch) 

Australia, Asia and 

Bark 21-48 


Africa 


Rhus copallina 

Sumac 

llnited States 

Ivcavcs 17-38 

Rhus coriaria 

Sicilian sumac 

Sicily 

Leaves 25-32 

Rhus cotinoidcs 

Sumac 

United Stales 

Leaves 21 

Rhus cotinus 

Venetian sumac 

Italy 

Ix’aves 17 

Rhus glabra 

White sumac 

llnited States 

Leaves IS -2 5 

Rhus metopinm^ 

Sumac 

United vStates 

Leaves 8 

Rhus mysorcnsis 


.Southern India 

Burk 20 

Rhus pcntaphylla 

Tizra sumac 

Morocco j 

r Roots 29 
i Wood 23 

Rhus rhodanthema 

Deep yellow wood 

New South Wales 

Bark 23 

Rhus scmialata 

Sumac 

America and Asia j 

r Ia*a,ves 5 

L Chinese galls 70 

Rhus succcdanea 

Sumac 

India 

Leaves 20 

Rhus thunbergii 


Cape Good Hope 

Bark 28 

Rhus typhina 

Virginian sumac 

Virginia 

Leaves 10-18 

Robinia pseudacacia 

Black Locust 

Europe j 

r Bark 2-7 
[ Wood 3-4 

Roltinia sp. 

Aratiku gwazu 

Paraguay 

Bark 4 

Rumex hymenosepahim 

Canaigre 

Mexico 

Roots 25-30 

Rumex maritima 

Docks 

Europe 

Florida 

Roots 22 

Sahal palmetto 

Cabbage pal m etto 

Roots 10-18 

Sahal serrulata 

Saw palmetto 

Florida 

Leaves 13 

Salix alba 

White willow 


Bark 9 

Salix arenarta 

Willow 

Russia 

Bark 13 

Salix caproca 

Willow 

Japan 

Bark 8-12 

Salix fragilis 

Willow 

Bark 9-12 

Salix lasiandra 

Yellow willow 

California 

Bark 2 

Salix purpurea 

Willow 

Japan 

Kus.sia ^ 

Bark 8 

Salix viminalis 

Willow 

Bark 7-10 

Schinus moll a 

Sequoia sempervirens 

Molle 

Argentina 

1 

Leaves 19 
' Beartwood 4-12 

Redwood 

Pacific states t 

Sap wood 1-2 


Shorea obtusa 


India 

fBark 9 

1 Wood 6-7 

Shorea rohusta 

Sal bark 

India 

Bark 6-15 

Sonneratia pagatpat 

Pagatpat 

Philippines 

Bark 11-12 

Spcrmolcpsis gummifera 

Oak gum 

New Caledonia ^ 

fBark 17 
{ Kino 43-80 
Roots 20-22 

Statice coriaria 

Marsh rosemary 

Southern Russia 

S tryphnodendron 
barbatimao 

Barbatimao 

Brazil 

Bark 18-27 

Tamar ix africana 

Tamarisk 

Mediterranean J 

f Galls 26-56 
, Twigs 9 

Tamarix articulata 

Tamarisk 

1 

Morocco 

1 Leaves 9 
Galls 43-56 

J'amarix dioica 

Thao 

India 

Bark 10 

Taxus cuspidata 

Yew 

Japan 

Bark 10 

Tcrminalia arfuna 

Kahua 

India 

Bark 18-24 
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Botanical Name 

T erm inalia b el eric a 
Terminalia catappa 
Terminalia chebula 
T erminalia glabra 
T erminalia mauritiana 

T erminalia oliveri 

Tormentilla erecta 
Trichilia catigua 
T richil ia hieronymi 
Tsnga canadensis 
Tsuga heterophylla 
Umbelhilarig calif ornica 
Vateria indica 
W eimannia glabra 

Woodfordia floribunda 
Ximenia americana 
Xylia dol'abriformis 

Xylocarpus granatum 
X^^locarpus obovatiis 
Zisyphus nummularia 
Zizyphiis xylopyra 


Table 23 — 

Common Name 

Bedda 

Badaniier 

Myrobalans 

Kunibiik 

Jamrosa 

Til an n 


Kaatigua puihta 
Kaatigua moroti 
Hemlock 

Western hemlock 
California laurel 

Curtidor 

Itcha 

Alimu 

Jamba 

Piagao 

Tabique 

Ber 

Cothar 


(Continued) 

Place Grown 

India 

India 

India 

Ceylon 

India 

Malay 

Europe 

Paraguay 

Paraguay 

Northern America 
Pacific states 
California 
India 
Venezuela 

India 

Sudan 

Burma and India 

Africa and Asia 

Philippines 

India 

India 


Per cent Tannin 

Nuts 12 
Bark 12-25 
Nuts 30-40 
Bark 27-32 
Bark 30 
fBark 31 
I Leaves 14 
Roots 20-46 
Bark 21 
Bark 23 
Bark 7-12 
Bark 9-16 
Bark 16 
Fruit 25 
Bark 10-13 
fBark 27 
I Leaves 1 5 
Bark 17 
/Bark 9-19 
I Wood 4 
Bark 21-48 
Bark 22-25 
Bark 10 
Fruit flesh 23 


in abundance. In the majority of cases, at least, the tannin contents are supposedly 
those of the air-dried material. 

The tannin contents given in Table 23 were determined by methods similar in 
principle to that of the American Leather Chemists’ Association, on which most 
tanning materials are bought and sold in the United States and which will be 
discussed below. As it may be assumed that nearly every form of plant life contains 
some tannin, the list cannot be considered complete; but it contains most of the 
materials cited in the literature which contain enough tannin to make them interest- 
ing as possible sources for tannin on a commercial basis. 

Of the vegetable tanning materials listed above from 336 different species of 
plant life, probably less than 20 are used in the United States on a large scale. 


Production, Imports and Values of Tanning Materials and 
Extracts for 1937. 

,, Domestic Production — ^ ^ 

pounds dollars 


Table 24. United States 


B uebracho wood, extract 
uebraclio wood, raw 
Chestnut wood extract 
Mangrove bark, extract 
Mangrove bark, raw 
Myrobalans, extract 
Myrobalans, raw 
Wattle bark, extract 
Wattle bark, raw 
Valonia, extract 
Valonia, I'aw 
Oak bark, extract 
Oak bark, raw 
Hemlock bark, extract 
Hemlock bark, raw 
Gambler, extract 
Gambler, raw 
Sumac, ^raw 
Divi-divi, raw 
Other materials, extract 
Other materials, raw 

Totals 


-Import! 


pounds 

dollars 

142,412,184 

$4,627,715 

27,310,000 

208,602 

15,517,948 

431,405 

10,288,652 

92,775 

1,284,261 

46,736 

41,174,000 

395,960 

5,429,487 

182,747 

18,709,943 

229,143 

701,882 

35,629 

25,429,193 

379,823 

990 

12 

1,564,580 

5,157 

4,615,866 

319,097 

3,192,000 

81,056 

96,620 

1,534 

114,080 

4,676 

42,375 

1,223 


81,226,404* 

$1,404,418 

363,706,338 

4,968,487 

3,473,508* 

81,278 

3,690,238 

76,339 

12,698,305 

346,286 

7,706,032 

194,596 

777,722 

53,611 

3,538,350 

169,330 

12,828,0001 

505,734 


297,884,161 


$7,043,290 


489,644,259- 


$7,800,079 


* Data for 1935; productions of quebi'acho and myrobalans extracts were not listed by the Bureau 
of the Census in 1937, in order to avoid disclosures of the activities of individual establishments. 

t Estimate only; quantity is not given by the Bureau of the Census. In the domestic production 
of the extracts of quebracho, myrobalans, wattle, gambier and sumac, the raw materials were 
imported. 
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American Survey 

Mr. E. G. Holt, Chief of the Leather and Rubber Division of the Bureau of 
Foreign and Domestic Commerce, has furnished the writer with the data on United 
States production and imports of tanning materials and extracts for 1937 shown in 
Table 24. 

The quantity values for the extracts have only a limited significance because 
they do not differentiate between the solid and liquid extracts and the domestic 
extracts made from foreign raw materials are apparently also included in the 
imports of raw materials. 

In order to provide more significant information on the approximate annual 
consumption of tannin from different sources by the tanners of the United States, 
the writer secured the data given in Table 25 from Mr. Alan Goldsmith, President 
of the American Tanning Extract Manufacturers^ Association. For direct com- 
parison, the values are calculated to tons of material of 25 percent tannin content. 
For some materials, the quantity used by the tanner in the form of raw material is 
also given. The total includes both extract and raw material. 

Table 25. Consumption on Tannin Basis of Tanning Materials by United States 
Tanners in the Calendar Year of 1939. 

t As tons of 25% tannin ; — n, 


Material 

total 

raw material 

Quebracho-wood extract 

176,500 


Chestnut-wood extract 

123,000 


Mangrove bark 

21,750 

5,750 

Myrobalans 

18,500 

3,500 

Wattle bark 

15,250 

10,500 

Valonia 

14,500 

12,500 

Spruce extract 

12,000 


Oak bark extract 

7,000 


Hemlock bark extract 

4,000 


Gambier extract 

4,000 


Sumac 

3,000 



* Most of the sumac was imported and used as ground, raw leaves, but po data arc available as 
to the amount converted and used as extract. Other materials were used in too small amonntvS to 
be included in this survey. Of the quebracho extract, from 25,000 to 50,000 tons wore produced in 
the United States from imported logs. No data arc availal)le for raw hemlock and oak barks used 
by the tanner.s. 

Quebracho 

Although first used as a tanning agent only 70 years ago, the extract from the 
quebracho tree {Qiiehrachia lorentsii) furnishes more tannin to the Icatlier world 
than that from any other form of plant life. The wood of the quebracho tree is 
very rich in tannin of high purity, the heart wood containing from 20 to 24 percent 
tannin by weight. The name quebracho comes from the Portuguese and means 
“break ax,’' the wood lieing so hard that it will turn the edge of a good ax. It is 
also the heaviest wood known, a cubic foot of it weighing from 79 to 84 11)S. A 
cubic foot of water weiglis only 62.3 lbs. and so queliracho wood will not float in it. 
All our quebracho comes from South America. According to Durland, the que- 
liracho forests of northern Argentina and southern Paraguay have the distinction 
of being the only forests of their kind in existence. Thus practically all the world’s 
supply of this valuable wood comes from this region. 

Quebracho trees seldom form a dense stand, but are usually found scattered 
through open mixed forests of hard woods. The peculiar V-shaped crowns of 
quebracho tower many feet above the other hard-wood trees and form a distinctive 
feature of the landscaije. It is unusual to find more tlian 4 or 5 of tliese trees to an 
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acre of ground. They average from 35 to 40 feet in height, but many trees range 
from SO to 75 feet in height and from 2 to 4 feet in diameter. 

Being the hardest, heaviest and most durable wood known, quebracho is used 
for many purposes other than as a source of tannin. Durland estimated the annual 
consumption of quebracho wood for all purposes at about one million tons, and that 
about 150 years would be required to exhaust the supply at that rate. However, the 
possibilities of reforestation are good. 

Most of the quebracho extract for tanning is produced right in the Argentine, 
but some wood is imported into the United States for extraction here. In making 
the extract, the red heartwood is first chipped and then ground to a fine state of 
division. The ground material is placed in batteries of rotary diffusors and ex- 
tracted with water and steam under pressure until practically all the tannin has 
been extracted. The spent material is used as fuel. 

The tannin liquor is run first into settling tanks and then pumped into evap- 
orators of double, triple or quadruple effects where it is concentrated to a strength 
of about 25° Baume. It is then of a syrupy consistency and is run into the finishing 
evaporators, where it is heated and stirred for about 10 to 14 hours under a vacuum 
until the water content is reduced to such point that it will solidify upon cooling. 
The vacuum is broken and the extract is allowed to flow into bags held on scales 
below. As each bag is filled, it is sewn up and placed on a rack to cool and solidify. 
In this form, it is shipped to the tanners. 

The large amount of heat used in producing the solid quebracho extract causes 
the conversion of some of the soluble constituents into insoluble material. Many 
tanners render this material soluble again by a process of bisulfiting, which will 
be described later. One plant in the United States imports quebracho wood to pro- 
duce a liquid extract in which pi*ecipitation of nontannins has been avoided by the 
application of less heat; some tanners find this liquid extract better suited for 
their use than the solid extract. It is readily diluted with water for use and 
does not require bisulfiting. 

Chestnut Wood 

The most important domestic source of tannin in the United States is the 
wood of the American chestnut tree, Castanca dent at a. In the tanneries of the 
United States, the consumption of chestnut is second only to that of quebracho. 
The chestnut tree is found in abundance in Virginia, North Carolina, Tennessee 
and in the northern parts of Georgia and Alabama. Unfortunately, this tree is 
threatened with extinction by a fungus importation from the orient, called Chestnut 
Blight. This blight has been spreading for the past 30 to 40 years and there is no 
hope in sight that it will be checked. Because the dead wood can be used for 
making tanning extracts, 'it is estimated that it will remain an important source 
of tannin for the next 15 to 20 years, and possibly longer. The chestnut tree is 
able to reproduce itself, by sprouting from the stump, within a period of 20 years. 
If the blight could be checked, it would form an almost inexhaustible supply of 
tannin. Analyses of the tannin contents of wood from different parts of the tree 
were made by Frey and Leinbach and are included in Table 23. 

The manufacture of extract from the wood is similar in principle to that used 
in making quebracho extract. Most chestnut extract is sold to the tanners in liquid 
form containing about 25 percent tannin, but some plants are equipped to reduce 
it to the solid state of about 65 percent tannin. The present capacity in the United 
States for reducing liquid extract to the dry state is estimated at about 50,000 
tons of liquid extract annually. 
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Mangrove Bark 

Mangrove bark extract for tanning purposes is obtained from the bark of several 
species of Rhiisophora, or mangrove tree. Although mangrove trees are found in 
many tropical countries, they vary greatly in value as a source of tannin. Probably 
the most important source at the present time is Borneo, the second largest island 
in the Malay Archipelago. Here modern extract-manufacturing plants extract the 
tannin from the bark and ship it to the United States and other countries under the 
name of Cutch Extract, It is a solid extract containing 55 percent of tannin. Less 
than 40 years ago, mangrove bark and cutch extract were among the less common 
of the vegetable tanning materials, but today they stand third in order of quantity 
consumed in the United States. In Germany in 1904, Dr. Johannes Paessler dem- 
onstrated the superior tanning qualities of mangrove cutch over oak bark, and this 
started an active interest in the studies which have since led to the discoveries of 
the remarkable tanning properties of cutch extract, which make it unique among 
all vegetable tanning materials. These properties will be discussed later in this 
chapter. 

Myrobalans 

The dried nuts of the Terminalia chcbula of India, called myrobalans, are rich 
in tannin and in highly fermentable sugars. Many sole-leather tanners use myro- 
balans in quantity, not so much for its tanning properties as for the organic acids 
which it produces in the tan liquors by fermenting. In Chapter 9, it was pointed 
out that many sole-leather tanners do not delime their stock before putting it intoj 
the vegetable tan liquors and so require a source of acid to take care of the lime 
in the tan yards. Some tanners make up special storage tanks of myrobalans liquors 
and allow them to ferment, forming organic acids. With these liquors, they control 
the pH values of the tan liquors. They mix the myrobalans liquor with their stock 
tan liquor and increase the proportion when they desire to lower the pH value of 
the tan liquors in use and decrease the proportion when they desire to raise the 
pH value. About 90 percent of the myrobalans imported into the United States is 
received as raw material, and most of this is converted into extract before it 
reaches the tanner. Of the amount consumed by the tanners, about 19 percent is 
received by the tanners as raw material, and the tanners leach it themselves to make 
the acid-forming liquors. 

Wattle Bark 

Various species of Acacia known as wattle trees have barks that arc very rich 
in tannin of high purity. Although found originally in Australia, transplantations 
into South Africa have been so successful that Natal has now become an important 
source for this valuable tanning material. Wattle is imported into the United 
States both as solid extract and as raw bark. Extract manufacturers in the United 
States convert some of the imported l)ark into extract. American tanners receive 
about 70 percent of the total wattle they use as raw bark and leach it themselves; 
the remaining 30 percent is received as concentrated extract. 

Valonia 

Sixth in volume consumption in the United States is Valonia, which is obtained 
from the cups and beards of the acorns of the Turkish oak, Quercus aegilops, which 
grows in the region of Asia Minor. Most of the valonia imported into the United 
States arrives as raw cups and beards, although a relatively small amount is 
received as extract. Domestic manufacturers convert about 15 percent of the raw 
material into extract and the rest is received l)y the tanners as raw material, with 
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the cups separated from the beards. It is an acid-forming material and is used not 
so much for its tanning value as for its filling properties, its acid and for the 
pleasing color it adds to the leather. 

Spruce Extract 

Although spruce bark contains from 7 to 15 percent of tannin, the wood 
untreated appears to contain very little. Spruce wood is used on an enormous scale 
to make paper. The cellulose fibers of the wood are leached with solutions of lime 
and sulfur dioxide in order to remove the lignins, which would have a deleterious 
effect upon the paper, if not removed. The action of the lime and sulfur dioxide 
upon the lignins renders them water-soluble, in which form they are known as 
lignosulfonic acids. The liquors obtained from the extraction of the spruce fibers 
are known as waste sulfite liquors and have presented serious problems of disposal 
to paper manufacturers’. 

However, it was discovered that these liquors when properly prepared have 
excellent tanning properties. Hurt prepared waste sulfite liquors for tanning as 
follows : The liquors contain calcium lignosulfonates and free acid. The free acid 
was neutralized by adding lime, and the liquor was then evaporated, under vacuum, 
to a gravity of 32 Baume. The calcium content was then determined and some- 
what less than its equivalent of strong sulfuric acid was added while stirring, 
most of the lime being precipitated as calcium sulfate. The lime then remaining 
in solution was precipitated by adding the calculated amount of sodium, bisulfate. 
The liquor was then stirred for several hours longer and filter-pressed to remove 
the precipitated matter, consisting chiefly of calcium sulfate. The liquor thus 
purified is sold as a tanning agent under the name of spruce extract. 

This extract was developed by Robeson Process Co., who then developed both a 
liquid and solid extract under the name of super-spruce extract, representing a 
higher degree of refinement than the spruce extract. This was followed, in turn, 
by the development of a liquid extract known as LacTan-X, in whose process of 
manufacture bacterial cultures are used to convert the sugars into lactic and acetic 
acids. A typical sample contains 25 percent tannin, 4^ percent lactic acid and 
percent acetic acid. 

Another product made from the waste sulfite liquors is known as goulac. The 
liquors are neutralized and reduced to dry powder containing only about 3 percent 
of water. 

Most vegetable-tanning extracts are blended with others in actual use. When 
so blended, the spruce extracts compare favorably in tanning properties and in the 
quality of the leather they produce. In 1939, they ranked seventh in order of 
quantity consumed in the United States. 

Oak Bark 

Oak bark, once a major source of tannin in the United States, has now fallen 
into eighth place. It was obtained from the common oak, Quercus rohur, the tan- 
bark oak, Quercus densiflora, and the chestnut oak, Quercus prinus. Part of the 
falling off in its use may be attributed to its increasing scarcity, and part to the fact 
that some of the newer extracts produce results that are more satisfactory as well 
as more economical. Because of a demand for spent oak bark by other industries, 
some tanners still use raw oak bark, extract the tannins themselves and then find 
that they can sell the spent bark for as much as they paid for it originally. Cali- 
fornia tanners apparently still use local bark as their chief tanning material. 

Practically all the oak bark used in this country is of domestic production. 
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Hemlock Bark 

The bark of the hemlock tree, Tsuga canadensis, once furnished many American 
tanneries with their only source of tannin. It was customary to locate tanneries 
close enough to hemlock forests and lumbering districts so that the bark could be 
obtained with a minimum hauling charge. Many such tanneries today use no hem- 
lock bark at all. Like oak bark, hemlock bark has become increasingly scarce and 
some bark is being imported, apparently from Canada, to help out the domestic 
supply. Hemlock bark has fallen into ninth place in volume consumption in the 
United States. 

Gambier 

One of the mildest tanning materials known is gambier extract, which is 
obtained from the leaves and twigs of the Naticlea gambir, found in the East Indies. 
The trees grow to a height of about 10 feet. The twigs and leaves are treated with 
boiling water and the extract is strained and then thickened with rice meal. For 
some grades, the paste is baled and for others it is cut into cubes and dried, when 
it is known as cube gambier. The finest grade is known as Plantation gambier. 

It is a relatively expensive material and produces very low yields of leather 
when used alone, but it penetrates very heavy hides rapidly and is capa])le of pro- 
ducing leathers of enormous strength. 

Sumac 

The sumac of commerce consists of the dried and ground leaves of Rhus coriaria 
cultivated on the island of Sicily. Although soni(^ of it is converted into extract, 
many tanners use only the raw material, steeping it in warm water just before using 
it, as in making tea. Sometimes they use the liquor after straining from the 
insoluble residue and sometimes use residue and all. Like gambier, it is an 
extremely mild tanning material. It is sometimes used as the only tanning material 
for skivers and very thin skins used for bookbinding, hat l)ands, etc. ]^k,)r heavier 
leathers, it is used chiefly as a mordant in dyeing. 

Divi-divi 

The pods of the divi-divi tree, Cacsalpinca coriaria, of Central America and 
Brazil, serve a purpose similar to that of myrobalans. They are rich in tannin 
and form acids very readily by fermentation. They are received by the tanner in 
the raw state and used chiefly to produce acids. However, tlieir use during the 
past 20 years has decreased markedly, while that of myrobalans Inus increased. 

Leaching Raw Tanning Materials 

Years ago it was customary to locate tanneries near large supplies of raw 
tanning mater i:ds, particularly forests from which trees were l)eing cut for luml)er 
and an abundant supply of bark was available as waste. The modern tanner, how- 
ever, requires a variety of tanning materials in highly purified and concentrated 
forms. There are now many highly efficient tanning-extract ])latits all over the 
world with modern equipment and procedures capable of providing the tanner 
with extracts better suited to his purpose and at lower cost than he can produce 
them himself. Today American tanners purchase more than 90 percent of their 
tanning materials in the form of concentrated extracts. However, many tanners 
still find it advantageous to leach some raw materials to i)roduce liquors which they 
strengthen for use with concentrated extracts. 

One of the oldest systems for leaching raw materials, and the one most com- 
monly used in tanneries, is known as the open vat method. The bark, or other 
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material, is broken into small pieces and then shredded in a bark mill. The leach- 
ing tanks are usually arranged in batteries of about eight and are fitted with per- 
forated false bottoms on which the bark is placed. The bottom of each tank is fitted 
with a pipe through which liquor may be drawn off or pumped from one tank to 
another. When fresh bark is put into a given tank, liquor is run onto it which 
has been used to leach the bark in all of the seven other tanks. This strong liquor 
is finally drawn off and pumped into a storage tank. The bark is then leached 
with liquor which has passed through only six other tanks. The eighth leaching 
of this bark is made with fresh water, after which the bark is dumped and discarded. 

Fresh water is used to leach only the most nearly exhausted bark. As the liquor 
becomes stronger in tannin, it is run onto fresher bark, and finally onto the pre- 
viously unleached bark. As soon as each tank is dumped, it is again filled with 
fresh bark and becomes the head vat in the cycle, which is continuous. The object 
of this system of leaching is to get final liquors as concentrated as possible. In the 
tannery, the liquor in the storage tank is used as needed, but in the extract plant 
it is necessary to evaporate off most of the water so as to make its subsequent 
transportation practical. 

The extraction of the raw material is often facilitated by the use of mechanical 
devices. Sometimes the leaching tanks are equipped with mechanical stirrers or 
with pipes for bubbling air up through the liquor. In another system, the tanks 
are replaced by revolving drums, used on the same principle as the open vats, the 
liquor being pumped from one drum to another. In still another system, the bark, 
or other material, is forced through a trough in one direction, by means of a screw 
conveyor, while water flows over the bark in the opposite direction. At the point 
of entry of the fresh water, the bark is practically exhausted and is dumped onto a 
pile from which it is subsequently moved to the furnaces for fuel, or is disposed 
of in some other way. At the point of entry of the bark, the liquor is richest in 
tannin and is conducted to the storage tank. 

The rate at which tannin can be extracted from the raw material increases 
with the temperature of the water used, but so also does the rate at which the 
dissolved matter decomposes. The variation of the ratio of these two rates with 
temperature determines the optimum temperature that it is desirable to employ and 
this is different for different materials. It is customary to extract the fresh material 
at a low temperature and to increase the temperature of extraction until the material 
is practically exhausted. In using the open vat system for ordinary barks, it is a 
good plan to have the fresh water at the boiling point and to allow its temperature 
to fall slowly to about 140° F. as it passes over fresher bark. The temperature of 
the liquors can be controlled by having suitable heating coils placed in the tanks just 
under the false bottoms. 

When a very hard, alkaline water is used in leaching, the tannin yield is some- 
times low and the extract dark in color and of poor quality. This has been the 
subject of numerous investigations, from which the general conclusion has been 
drawn that the use of a soft water in leaching is imperative. But the work of 
Wilson and Kern seems to indicate that the question of hardness of the water used 
is of less importance than the pH value of water and liquor. 

The commercial extract-manufacturing plants usually do their leaching of raw 
materials in autoclaves with rigid control of temperature, pressure, extraction 
rates, etc., and are equipped with vacuum concentrators and driers for producing 
either very concentrated liquid extracts or dry solids of high tannin content. Some 
plants develop a high degree of specializing on the manufacture of only one kind 
of extract, with which the individual tanner could hardly hope to compete. 
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Whether a tanner leaches any raw materials or not, he usually has a storage 
place for strong liquors, called a leach house. This contains wooden storage tanks, 
each with a capacity of more than 12,000 gals, and capable of receiving a tank-car 
of liquid extract at a time. In these huge tanks, solid extracts are dissolved in 
water and blends are made of various extracts and liquors that the tanner himself 
may have leached directly from raw materials. 

In some localities, there is such a demand for leached oak bark that the tanner 
can readily sell the spent bark, after he has leached the tannin from it, for more 
than he paid for the original bark. In other localities, hemlock bark may be so 
cheap that it pays the tanner to leach it himself, even though he cannot produce 
liquors strong enough for his direct use, in which case he builds up the strength 
with purchased extracts. The control of the pH value of the liquors is tremendously 
important in vegetable tanning, and for this purpose many tanners purchase and 
leach raw myrobalans (nuts), divi-divi (pods) or valonia (cups and beards) and 
store the liquors until acid fermentation takes place, with formation of organic acids. 
When they wish to lower the pH values of the yard liquors, they increase the pro- 
portion of these liquors to the total stock liquor entering the yards ; when they wish 
to raise the pH values, they decrease the proportion. 


■i! 

Oj 



Fig. 165. A Barkomctcr. 


Courtesy Chas. JL Stehling Co. 


Use of the Barkometer 

In the routine dilution of tanning extracts with water and in making up tan 
liquors, it is important to have some quick method for determining strengths of 
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liquors. If tan liquors are made up under uniform conditions, the tannin contents 
are roughly proportional to the specific gravities of the liquors iEor any one material. 

A barkometer is a very simple form of hydrometer reading in barkometer 
"degrees. One is shown in Fig. 165. For a specific gravity of exactly 1.000, it reads 
zero, and the barkometer reading is increased by 1° for each increase of 0.001 in 
specific gravity. For example, a barkometer reading of 45i° means a specific 
gravity of 1.0455. The specific gravity of a liquor changes with temperature and 
barkometer readings would give misleading results if the temperature of the liquor 
being tested were not taken into consideration. The standard temperature for 
recording barkometer readings is 60° F. If the temperature of the liquor is exactly 
60° F., the reading is correct as taken. At higher temperatures, the readings will 
be low, and at lower temperatures they will be high. For example, suppose we had 
a tan liquor having a barkometer reading of 30° at 60° F. Raising the temperature 
of the liquor does not change its composition, but at 100° F. the barkometer reading 
would be only 24°, and at 40° F. it would be 32i°. However, it would be designated 
a liquor of 30° because that is the reading at 60° F. In order to avoid the necessity 
for bringing each liquor to exactly 60° F. before making the reading, Yocum 
devised the following table of corrections. 

iabie Zb. I'emperature Corrections lor barkometer Keaclings ot i'an Liquors. 

^ jjo At temperature indicated, add the following values to the observed reading to 

obtain the barkometer reading at 60“ F. 
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Below 60® F., the minus sign (— ) indicates that the number is to be subtracted from the 
observed reading to get the true reading at 60® F. Above 60® F., the number is to be added 
to the observed reading to get the true reading at 60° F. 


The barkometer reading is a guide to tannin content only for pure solutions 
of the extracts, and the relation is different for each tanning material. Starting 
with one extract of which the tanner has the analysis, he should make up a solution 
of known strength and record its barkometer reading. Then by making successive 
dilutions and measuring the barkometer value for each dilution, he can make up a 
table of his own showing the relation of tannin strength to barkometer reading for 
pure solutions of this extract only. By repeating this for each extract that he uses, 
he can prepare a series of tables covering the relations for pure solutions. 

For yard liquors, the barkometer reading includes everything in the liquor; thus 
the reading of a used liquor will be higher than that of a pure solution of the same 
tannin content. Whenever analyses of used liquors become available, the tanner 
should note the relation between tannin content and the barkometer reading. In this 
way, he can accumulate data that will make his barkometer readings valuable in 
indicating the tannin content. It must be remembered that the barkometer reading 
is merely a measure of the specific gravity of thp solution, and will be increased by 
the addition of soluble matter other than tannin. It cannot take the place of a 
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tannin determination; but with sufficient accumulated data available it provides a 
very quick method of indicating the approximate strength of a liquor. 

Bisulfiting 

Ordinary solid quebracho extract contains insoluble matter that settles out in 
the form of a reddish brown sludge after the extract has been diluted with water 
and allowed to stand. Tanners have found that this insoluble matter can be rendered 
soluble by treating the extract with sodium bisulfite before making the final dilu- 
tion. Moreover, this treatment with bisulfite causes the tannin to be taken up by 
the hides with greater avidity. A common method of bisulfiting quebracho extract 
in the leach house is as follows : 

Tanks used for bisulfiting vai'y in size, but the procedure will be described for a 
cylindrical tank 9 feet in diameter by 7 feet deep. The tank is usually made of 
cypress wood and is equipped with copper coils for heating with steam and a hori- 
zontal revolving paddle, running at about 24 r. p. m. for mixing. Dump 10 tons of 
solid quebracho extract into the tank and cover with 2000 gals, of boiling water. 
Start the paddle revolving and apply heat as may be necessary to maintain a tem- 
perature of 180*^ F. When all the quebracho has dissolved and the liquor appears 
to be homogeneous, add 800 lbs. of sodium bisulfite dissolved in 500 gals, of water at 
ISO'^ F. Run the paddle continuously, maintaining a temperature of 180° h. for 
24 hours. Then cool and dilute to a strength of 25° Baume, as measured with a 
Baume hydrometer. It can then be stored for use in making up stock liquors for 
the tan yard. 

The Baume hydrometer is like a barkonieter except for the range covered. Some 
tanners use a Twaddell hydrometer, which has a somewhat different range, lable 
27 shows how to convert Baume degrees into Twaddell degrees, barkometer degrees, 
or specific gravity. 

Table 27. Conversion of Degrees Baume into Degrees^ Twaddell, Degrees Barkometer 

and Specific Gravity at 60° F. 


fi'-recs 

lurae 

Degrees 

Degrees 

Specific 

Degrees 

Degrees 

Degrees 

Specific 

Twaddell 

Barkometer 

Gravity 

Baume 

Twaudeu B.'irlcomcter 

Gravity 

0 

0.0 

0.0 

1.0000 

19 

30.2 

150.8 

1.1508 

1 

1.4 

6.9 

1.0069 

20 

32.0 

160.0 

1.1600 

2 

2.8 

14.0 

1.0140 

21 

33.9 

169.4 

1.1694 

3 

4.2 

21.1 

1.0211 

22 

35.8 

178.9 

1.1789 

4 

5.7 

28.4 

1.0284 

33 

37.7 

188.5 

1.1885 

5 

7.1 

35.7 

1.0357 

24 

39.7 

198.3 

1.1983 

6 

8.6 

43.2 

1.0432 

25 

41.7 

208.3 

1.2083 

7 

10.1 

50.7 

1.0507 

26 

43.7 

218.5 

1.2185 

8 

11.7 

58.4 

1.0584 

27 

45.8 

228.8 

1.2288 

9 

13.2 

66.2 

1.0662 

28 

47.9 

239.3 

1.2393 

10 

14.8 

74.1 

1.0741 

29 

50.0 

250.0 

1.2500 

11 

16.4 

82.1 

1.0821 

30 

53.2 

260.9 

1.2609 

12 

18.0 

90.2 

1.0902 

31 

54.4 

271.9 

1.2719 

13 

19.7 

98.5 

-1.0985 

32 

56.6 

283.2 

1.2832 

14 

21.4 

106.9 

1.1069 

33 

58.9 

294.6 

1.2946 

15 

23.1 

115.4 

1.1154 

34 

61.3 

306.3 

1.3063 

U) 

17 

is 

24. 5 

26.6 
28.3 

324.0 

132,8 

141.7 

1.1240 

1.1328 

1.1417 

35 

63.6 

318.2 

1.3182 


The bisulfiting does more than merely dissolve the otherwise insoluble residue 
of qucliracho extract; it also changes the character of the extract so that its tannins 
are taken up by the hide protein with greater avidity. It has a similar effect upon 
cutch extract, which has only an insignificant proportion of insoluble material. ^ In 
the case of cutch extract, it also inci'eascs the rate of penetration of tannins into 
tlic thickness of the hides. Tanners using both rjiicbracho and cutch in their yard 
blends often mix them and liisulfitc them together. 

The fiercentage of l)isnlfitc used is based on the total solid content of the licjuoi , 
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it varies in different tanneries, but is usually between 3 and 5 percent of the total 
solids by weight. 

Other solid extracts are usually dissolved like quebracho and stored as liquors 
of about 25° Baume. Liquid extracts can be diluted with warm water much more 
readily than solid extracts. 

Table 28. Tannin Contents by Official Method for Pure Solutions of Cutch, Chestnut- 
wood, Quebracho (3% bisulfited), Chestnut-oak bark, and Hemlock-bark Extracts 
at Different Baume Readings at 60° F. 



' 


-% Tanmn m — 

Chestnut 

Hemlock- 

Degrees 

Cutch 

Chestnut- 

Quebracho 

Oak-bark 

bark 

Baume 

Extract 

wood Extract 

Extract 

Extract 

Extract 

0 

0.0 

0.0 

0.0 



1 

1.4 

1.2 

1.6 



2 

2.8 

2.3 

3.2 



3 

4.1 

3.5 

4.9 



4 

5.5 

4.6 

6.5 



5 

6.9 

5.8 

8.1 



6 

8.3 

6.9 

9.7 



7 

9.7 

8.1 

11.3 



8 

11.0 

9.2 

13.0 



9 

12.4 

10.4 

14.6 



10 

13.8 

11.5 

16.2 



11 

15.2 

12.7 

17.6 



12 

16.6 

13.8 

19.0 



13 

17.9 

14.9 

20.4 



14 

19.3 

16.0 

21.8 



15 

20.7 

17.2 

23.2 



16 

22.1 

18.3 

24.6 



17 

23.5 

19.4 

26.0 



18 

24.8 

20.6 

27.4 



19 

26.2 

21,7 

28.8 



20 

27.6 

22.8 

30.2 



21 

28.9 

24.0 

32,9 



22 

30.1 

25.2 

34.6 



23 

31.4 

26.3 

36.3 

21.8 

23.3 

24 

32.6 

27.5 

38.0 

23.0 

24.3 

25 

33.9 

28.6 

39.7 

24.1 

25.5 

26 

35.1 

29.8 

40.5 

25.3 

26.8 

27 


31,0 


26.4 

28.0 

28 


32.1 


27.6 

29.3 

29 


33.3 


28.8 

30.8 

30 


34,3 


29.9 


31 


35.3 




32 


36.3 




33 


37.3 




34 


38.3 




35 


39.3 





Table 28 gives some information useful in operating the leach house on the rela- 
tion of tannin content to Baume up to 35° for pure solutions of cutch extract, chest- 
nut-wood extract, 3 percent bisulfited quebracho extract, chestnut oak-bark extract 
and hemlock-bark extract. The values were calculated from data furnished by 
Mr. C. A. Blair on cutch, chestnut wood and quebracho, and by Mr. Charles Ober- 
fell on chestnut oak bark and hemlock bark. In practice, the values vary with the 
purity of the extracts. The Baume readings can be converted into Twaddell, 
barkometer and specific gravity readings by reference to Table 27. The operations 
of the leach house are described in greater detail in Chapter 11. 
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Electrometric Measurement of pH Value 

The concept of pH value was described in Chapter 7, together with a very 
simple colorimetric method for determining it. The control of pH value is of vital 
importance in all tanning operations. Stock that will tan perfectly at one pH value 
may be completely destroyed at another. The colorimetric method cannot safely be 
used with vegetable tan liuors, and so it is necessary to use the more reliable and 
accurate electrometric method. 

Although the electrometric determination of pH value by means of the glass 
electrode is very highly scientific and based on very involved theories of physical 
chemistry, modern instruments are so simple in their operation and so nearly fool- 
pi'oof that any previously inexperienced person can learn to make precision 
measurements almost at once, and a determination can be made in a very few 
minutes. Fig. 166 shows one of the simplest and cheapest ($84.50) pH testers on 
the market. It covers the pH range 0 to 12 and is accurate to 0.1, which is accur - 
ate enough for most routine work in the tannery. It can be carried about the 


Fig. 166. 

Glass-electrode Equipment for De- 
termining pH Value in the Tannery. 

The operation of the set is ex- 
tremely simple. Although the box 
contains an electron tube, batteries and 
complex apparatus, the operator need 
not be concerned about this in making 
routine measurements. 


A description of the routine involved in making pH measurements with this 
glass-electrode equipment will probably give the reader a better idea of the sim- 
plicity of making such measurements. In the face of the box and shielded by a 
window, there is a delicate needle pointer and a scale reading in pFI values from 
0 to 12. At one point on the scale, there is a red line marked by the letter S. 
Below the scale, there is a switch which can be set at 5 different points marked: 
BAL^ READ, B, T and OFF, At the left of the scale, there is a dial knob marked 
AP and below the scale at the right is a dial knob maidced BAL. On the left side 
of the case, there are two dial knobs, one marked T and the other B. At the left 
side, there is a small beaker containing the glass electrode and the reference elec- 
trode. There are also two bottles, one with potassium-chloride solution and the 
other with a standard pH solution. Each bottle is equipped with a pipette for 
measuring and delivering the solution it contains. 

Each morning the workman first calibrates his set as follows: He makes sure 
that the reference electrode is filled with potassium chloride solution and that 
there are no bu!)]}les in the tube of the reference electrode. He pinches the rubber 
sleeve on this tube and allows a drop of potassium-chloride solution to escape so 
as to form a fresh surface of contact. After carefully cleaning the glass electrode 
and the beaker, he puts 2 pipettes of the standard pH solution into the beaker 
and fills to the halfway mark with distilled water, which gives him a solution of 


tannery to be used wherever needed. 



Courtesy Wil kens- Anderson Co. 
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fixed pH value of 4.1 against which to standardize the set. He then puts the beaker 
back in place so that the two electrodes dip into it, turns the switch to T, and allows 
several minutes for the set to warm up. Then he turns dial knob T to such point 
that the needle is exactly over the line 6', after which he turns the switch to B and 
adjusts dial knob B until the needle is again exactly over the line S. After turning 
the switch to READ and adjusting dial knob BAL until the needle is again exactly 
over line S, he turns the switch to BAL and adjusts dial knob AP until the needle 
is again exactly over the line 5. Upon turning the switch back to READ, the 
needle should remain over line 6'. The set is now ready for use. 

Fill the beaker with the liquor whose pH value is to be measured and make sure 
the electrodes are in place in it. Turn switch to BAL and adjust dial knob BAL 
to bring the needle exactly over the line S. Then turn the switch to READ and 
read the pH value of the liquor directly from the scale. 

Occasionally, adjust the T and B dial knobs as directed above, because this 
compensates for any variation in tube or battery. For each measurement, pinch the 
rubber sleeve of the reference electrode tube and allow a drop of potassium-chloride 
solution to escape in order to maintain a fresh liquid junction. Rinse the beaker 
and electrodes well with distilled water to keep them clean. Ordinarily, the set 
need be calibrated only once each morning, but can be recalibrated at any time as 
an extra precaution of safety. 

This set can be carried about the tannery with safety. There are many differ- 
ent types of sets on the market, some of greater precision and higher price and all 
claiming some points of advantage over the others. 

No attempt is made in this book to describe the principle of determining pH 
value with the glass electrode, because this book is written for tanners without 
any specialized knowledge of chemistry and physics. There are many books avail- 
able that go deeply into the theory. 

The Determination of Tannin 

When a tanner buys 100 lbs. of tanning extract containing, according to the 
analysis, 2S percent of tannin, it is only natural that he should assume that he is 
really buying 25 lbs. of true tannin and that, upon using it in tanning, he can 
expect to find 25 lbs. of tannin in his leather ; but such is not the case. In the case 
of materials containing such inorganic materials as iron, chromium, calcium, etc., 
he knows that he can rely upon an analysis with precision, but the tannins do not 
belong in this category. Commercial tanning materials consist of mixtures of sub- 
stances so numerous and complex chemically that no one yet has been able to 
develop practical methods for their separation and evaluation. It was found, how- 
ever, that useful methods could be developed to guard the tanner against adulter- 
ation and dilution in his purchases of tanning materials. One thing that a tanner 
desires to know about a tanning extract is how much of it will combine chemically 
with the hide and form leather that will remain stable against washing. 

The official method of tannin analysis was based on the knowledge that hide 
powder can be used to remove tannin quantitatively from a tan liquor. It was a 
simple matter to determine the amount of soluble solids removed from a solution by 
hide powder and call it tannin. This method would have been accurate enough, if 
tannins were the only substances removed from solution by hide powder. Unfor- 
tunately, there are many substances that can be removed from solution by hide 
powder that are not tannins. This was not appreciated at the time of the acceptance 
of the official method. It is appreciated now ; but the method, having been adopted 
to determine the price to be paid for certain commercial extracts, cannot be changed 
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lightly to some other method without a great deal of argument and discussion as to 
whether any new method might not later be found also to have flaws. In any event, 
it is very important for the tanner to know just what significance the determination 
of tannin has to him. 

Since the official method sets conditions such that all true tannin is removed 
from solution, all values obtained give results that are higher than the true values 
by the amounts of nontannins removed from solution together with the tannins. 
Many tanning materials contain such substances as gallic acid, quinol, catechol, etc., 
which have no tanning properties and subsequently appear in the leather as part of 
the water-soluble material; but they combine loosely with hide powder and are 
removed from solution during the analysis and are thus included as tannin. If pure 
gallic acid, containing no tannin at all, is analyzed by the official method, it will 
show 46 percent tannin, simply because of the removal of gallic acid from solution 
by hide powder. The gallic acid can subsequently be removed from the hide powder 
by washing it with running water. The true tannins combine with hide protein so 
vigorously that they cannot be removed again by any practical amount of washing. 

Wilson and Kern developed a method for determining the true-tannin content of 
vegetable tanning extracts by removing the tannins from solution quantitatively by 
shaking with hide powder and then analyzing the tanned hide powder for its com- 
bined tannin, as in the official method of leather analysis. The proportions of true 
tannin found by the Wilson- Kern method are always less than those found by the 
official method, as would be expected. 

One sole-leather tanner kept a record over a long period of time of the total 
number of pounds of tannin entering his yards as determined l^y the official method, 
and also a record of the pounds of combined tannin in the leather produced. These 
records indicated that more than one-half of the tannin entering the yard was 
mysteriously lost in some Wciy, until the Wilson- Kern method showed that no tannin 
was being lost at all, the apparent discrepancy in the records being due simply to 
the fact that the official method includes as tannin much material that merely 
forms a part of the water-soluble matter of the leather. 


Table 29. Percentages of True Tannin in Various Tanning Extracts in Relation to 
Values Obtained by the Official Method of Tannin Analysis. 


When ofikial method shows 

L!).s. of true 

100 Il)s. tunniii in 

present 

Mangrove bark (Cutch) 

83 

Quebracho wood 

72 

Wattle 

72 

Hemlock bark 

61 

Valonia 

57 

Chestnut wood 

55 

Spruce (Sulfite cellulose) 

54 

Oak bark 

53 

Myrobalans 

49 

Sumac 

38 

Gambier 

31 


Page carried this development a step further by differentiating l)etween jrcc 
wafer-soluble matter in leather and combined walcr-solublc matter. He called 
matter that could be removed from the leather with only small amounts of water 
the free wa I er-soltibles and matter that required more prolonged washing to remove 
it the combined zvaier-solubles. The latter arc bound to the hide in a loose com- 
Innation like that of gallic acid in hide. 

More recently Pound and Quinn have developed a method for evaluating in a 
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tanning extract the components that produce in leather (1) the free water- solubles, 
(2) the combined water-solubles, and (3) the fixed tannin. The fixed tannin is the 
same as the true tannin of Wilson and Kern. They showed that the official method 
includes as tannin the sum of the fixed tannin and the combined water-solubles. 

In the large-scale production of vegetable-tanning extracts, the resulting 
products have become so uniform in composition that for each kind of extract the 
ratio of true tannin to material producing combined water-solubles is practically 
constant, although the ratio is different for different kinds of extracts. It seems 
inevitable that some day an official method like that proposed by Pound and Quinn 
will be adopted so as to give the tanner valuable information that he should have 
concerning the extracts that he buys. Meanwhile, Table 29 will serve him admir- 
ably, and his use of it will probably hasten the day when the official method will be 
changed to give him the same information on individual shipments. 

The tanner will find this table very useful. For each 100 lbs. of official- 
method tannin in the form of mangrove bark that he puts in his yard, he can be 
assured of receiving 83 lbs. of combined tannin in his leather; and for each 100 
lbs. of official-method tannin in the form of gambier that he puts in his yard, he 
will get only 31 lbs. of combined tannin in his leather. 

Cost of Unit of True Tannin 

Each kind of tanning extract confers upon the leather properties that are 
different from those produced by other kinds of extracts. In order to get the 
properties he desires in his leather, a tanner usually uses not one, but several 
different kinds of tanning extracts blended together. Two extracts having the 
same tannin content may produce very different kinds of leather. Nevertheless, it 
is very important to the tanner to know just what a tannin unit will cost him for 
each of the commonly used extracts. Prices are subject to change, but Table 30 
gives a set of calculations based upon prices furnished to the writer in the summer 
of 1940. 


Table 30. True-tannin Costs of Various Extracts (from quotations of July 1, 1940). 


Extract 

Spruce (liquid) 
Mangrove bark (Cutch) 
Quebracho wood (solid) 
Wattle bark (solid) 
Chestnut wood (liquid) 
Valonia (powdered)^ 
Hemlock bark (liquid) 
Oak bark (liquid) 
Myrobalans (powdered) 
Sumac (Sicilian ground) 
Gambier (paste) 


Official 

True 

Price 

•Price per lb 

tannin 

tannin 

per lb. 

true tannin 

(%) 

(%) 

(cents) 

(cents) 

25 

13.50 

1.13 

8.33 

55 

45.65 

4.S0 

9.86 

63 

45.36 

4.83 

10.65 

60 

43.20 

4.95 

11.46 

25 

13.75 

1.7S 

12.73 

63 

35.91 

6.2S 

17.45 

25 

15.25 

3.00 

19.67 

25 

13.25 

2.75 

20.75 

60 

29.40 

6.25 

21.26 

25 

9.50 

4.15* 

43.68 

25 

7.75 

9.25 

119.35 


* Quotation before Italy entered the war. 


The cheapest tannin unit is contained in spruce (sulfite cellulose) ; but this 
material, when used as the only tanning material, does not impart the properties 
required for many kinds of leather. When the desired properties have been 
obtained by the use of mixtures of other types of vegetable-tanning materials, it is 
usually found that spruce tannin can be used to replace some of the more costly 
tannin units with no loss in quality of the leather. Although the gambier tannin 
unit is the highest priced, it has certain peculiar properties that warrant its use in 



294 


MODERN PRACTICE IN LEATHER MANUFACTURE 


spite of its high cost. If it is desired to make heavy leather of enormous tensile 
strength, such as is required in linesmen's belts, the use of gambier is advantageous. 
It is also peculiarly valuable for certain very light leathers and as a mordant in 
dyeing leathers. Similarly, sumac is used largely as a mordant in the dyeing of 
leather and for very thin skins requiring considerable strength. In making sole 
leather, where the cost of the tannin unit is very important, the chief tanning 
materials are cutch, quebracho, wattle and chestnut, together with some spruce 
as a filler and myrobalans and valonia to furnish acid and provide the desired shade 
of color. 

Relative Stability of Tanning Extracts 

Paessler observed that tannin may be lost from liquors upon long standing, 
because of fermentation, oxidation, precipitation, etc. Table 31 gives the results he 
obtained from a series of liquors of 14° barkometer strength that were allowed to 
stand for 60 days. 


Table 31, Tannin and Soluble-solids Losses in 14° Barkometer Liquors upon 
Standing fur 60 Days. 


Tanning Material 
Mangrove bark 
Wattle bark 
Sumac 

Quebracho extract 
Quebracho extract (bisiiinted) 
Oak bark 

Chestnut-wood extract 

Myrobalans 

Valonia 

Divi-divi 


-% loss after 60 days- 

tannin 

.solubl 

0.0 

0.0 

2.0 

8.0 

1.5 

8.0 

4.0 

6.5 

4.0 

6.0 

7,5 

27.0 

11.5 

8.0 

24.0 

29.0 

29.0 

30.0 

29.0 

27.0 


Seltzer and Marshall studied the tannin losses in a scries of solutions of 
0.4 percent tannin after intervals of 4, 8 and 12 weeks, and their results are given in 
Table 32. 

Table 32. Tannin Losses from 0.4 Percent Tan Liciuors after Standing Indicated Times. 


Tanning Material 

, % t;ii 

4 weeks 

nnn loss after 
H weeks 

slanding- — — 
12 weeks 

Mangrove bark (Cutch) 

0.00 

1.45 

0.48 

Wattle bark (raw) 

0.81 

2.75 

2.91 

Quebracho (heavily bisulfited) 

0.72 

1.29 

4.32 

Quebracho (lightly bisulfited) 

1.36 

3.41 

6.13 

Spruce (sulfite cellulose) 

2.68 

3.41 

6.33 

Hemlock bark extract (liquid) 

0.40* 

11.11 

14.88 

Chestnut-wood extract (liquid) 

7.80 

15.00 

17.00 

Oak-bark extract (liquid) 

8.32 

17.51 

21.44 

Valonia (raw) 

15.38 

23.54 

27.51 

Valonia extract (powdered) 

25.70 

35.26 

40.04 

Myrobalans (raw) 

25.78 

54.22 

60.24 


* Represents gain. 

In most sole-leather yards, the pH values of the liquors usually range from a 
high of 5.0 to a low of 3.0 ; the lower the pH value the greater the acidity. When 
the souring of yard liquors through acid fermentation gets out of control and 
becomes excessive, it is an old practice to save the hides from destruction by adding 
salt to the liquors. The destructive acid .swelling of the hides can he prevented by 
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adding salt up to a maximum of 4 oz. per gallon. When acid is added to quebracho 
liquors, some of the tannins are precipitated and this precipitation is further 
increased by the addition of salt. 

In a long series of tests, the writer studied the effects of pH value and of 
salt concentration upon the precipitation of tannins from liquors of different 
tanning materials. For each kind of tanning material, liquors were prepared having 
tannin contents of 1 and 6 percent. For each strength, liquors were acidified to pH 
values of 5, 4 and 3. For each pH value, salt was added to give concentrations of 
0, 1, 2 and 4 percent. There were thus 24 different conditions for each tanning 
material. After standing for 24 hours, each sample was analyzed. The results 
for tannin losses are given in Table 33. 


Table 33. Tannin Losses at Different pH Values and Different Salt 
Concentrations for Different Vegetable Tanning Materials. 


, — Per cent of total tannin gained (+) or lost (— ) upon — ^ 
standing for 48 hours under 24 different conditions 



1% 

tannin in liquor at 

6 % tannin in liquor at 


PH^5 

pH^4 

pH^3 

pH-^5 

pH-=4 


No salt in liquors: 

Mangrove-bark extract (Cutch) 

4-4 

4-4 

47 

4-3 

+5 

4-6 

Wattle bark (raw) 

-hi 

0 

-4 

-1 

0 

0 

Block mangrove bark (raw) 

-2 

-1 

-8 

4-1 

4-2 

4-1 

Chestnut-wood extract 

-6 

-3 

-2 

-8 

—6 

-3 

Quebracho-wood extract 

-12 

-10 

-15 

-3 

-10 

-11 

Oak-bark extract 

-6 

-9 

-14 

-11 

“11 

-20 

Hemlock-bark extract 

-7 

-11 

-17 

-14 

“9 

-21 

1% salt in liquors: 

Mangrove-bark extract (Cutch) 

-1 

-3 

-1 

4-1 

4-1 

4-3 

Wattle bark .(raw) 

-10 

-7 

-10 

—3 

-h3 

—5 

Block mangrove bark (raw) 

-23 

-9 

-12 

-3 

-1 

-3 

Chestnut-wood extract 

-27 

-21 

-19 

-17 

-18 

-13 

Quebracho-wood extract 

-22 

-21 

-22 

-22 

-20 

-25 

Oak-bark extract 

-27 

-24 

-29 

-29 

-24 

-33 

Hemlock-bark extract 

-29 

-29 

-33 

-35 

“18 

-33 

2% salt in liquors: 

Mangrove-bark extract (Cutch) 

-9 

-7 

-6 

-1 

— 2 

4-1 

Wattle bark (raw) 

-IS 

-IS 

-8 

-4 

-8 

-7 

Block mangrove bark (raw) 

-9 

-14 

-13 

-4 

~3 

-6 

Chestnut-wood extract 

—35 

"32 

-31 

-28 

-23 

-17 

Quebracho-wood extract 

-33 

-28 

-30 

-23 

-27 

-30 

Oak-bark extract 

-36 

-37 

-37 

-22 

-37 

-38 

Hemlock-bark extract 

-35 

-39 

-41 

-31 

-37 

-40 

4% salt in liquors: 

Mangrove-bark extract (Cutch) 

-IS 

-8 

-23 

-2 

-4 

-2 

Wattle bark (raw) 

-18 

-12 

-15 

4-1 

-5 

0 

Block mangrove bark (raw) 

-26 

-20 

-22 

-10 

-16 

-13 

Chestnut-wood extract 

-60 

-38 

-33 

-29 

-26 

-19 

Quebracho-wood extract 

-37 

-38 

-36 

-29 

-40 

-43 

Oak-bark extract 

-49 

-44 

-50 

-41 

-45 

-45 

Hemlock-bark extract 

-53 

-54 

-46 

-47 

-42 

-47 


Where no added salt was present, all the Cutch liquors showed a gain in tannin. 
In ^^The Chemistry of Leather Manufacture,” page 439, the writer has described 
an interesting phenomenon in which certain non-tannins are converted into tan- 
nins. It may be that this phenomenon occurs under some conditions with Cutch 
and to a lesser degree with wattle bark to such an extent as more than to offset any 
tannin losses. 

For each of the 7 tanning materials, tannin losses are given for 24 different 
conditions. The 24 values for each material were averaged and the results are 
given in Table 33. For simplicity in presentation, the values given in Table 33 
were rounded out to the nearest whole number, but the averages in Table 34 were 
taken from the original data for greater accuracy. 

In order to show how much of the tannin losses may have been due to precipita- 
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Table 34. Average Percentage of Total Tannin Lost froni Tan Liquors Made From 
Diiferent Materials under the 24 Conditions Described in Table 32. 


Tanning material 

% tannin lost 

Mangrove-bark extract (Cutch) 

0.3 

Wattle bark (raw) 

3.4 

Block mangrove bark (raw) 

6.0 

Chestnut-wood extract 

18.6 

Quebracho-wood extract 

23.7 

Oak-bark extract 

29.7 

Hemlock-bark extract 

31.4 


tion, values for percentage insoluble in the 24 liquors of each tanning material were 
averaged and calculated as parts insoluble per 100 parts of tannin to make the 
results directly comparable with the tannin losses given in Table 34. These results, 
together with values for the original materials, are given in Table 35. 

Table 35. Average Percentage Insoluble Matter on Tannin Basis Found in Tan Liquors 
Made from Different Materials under the 24 Conditions Described in Table 33. 

^ % insoluble on tannin basis 


Tanning material 

original 

material 

av. 24 
liquors 

net 

change 

Maiigrove-bark extract (Cutch) 

3.1 

1.4 

- 1.7 

Wattle bark (raw) 

2.5 

2.6 

™ 0.1 

Block mangrove bark (raw) 

4.0 

6.3 

- 2.3 

Chestnut-wood extract 

2.0 

11.1 

- 9.1 

Quebracho-wood extract 

11.1 

17 4 

- 6.3 

Oak-bark extract 

18.9 

48.6 

-29.7 

Hemlock-bark extract 

25.1 

35.4 

-10.3 


Under the conditions of the tests, more than one-half of the insoluble matter 
of the Cutch extract passed into solution, which may account for some of the gains 
in tannin found. The fact that the Cutch mangrove grows in salt marshes may have 
something to do with its remarkable stability in the presence of salt. Cutch 
extract contains 2.0 percent of sodium chloride and 1.2 percent of magnesium 
chloride 1)y weiglit. Precipitations of chestnut, quebracho and liemlock account for 
less than one-half of the tannin losses. It may be merely a coincidence that the 
precipitation loss of oak is exactly the same as the tannin loss. 

Cutch is the most stable of all the tanning materials tested, with wattle a close 
second. Flemlock and oak barks, once the most widely used, are least stal)le and 
they have become rather expensive per unit of true tannin. 

Relative Fixation Values of Tanning Materials 

When ap|)lied to leather, the terms combined tannin and fixed tannin mean 
exactly tlie same thing, namely, organic matter combined chemically with the hide 
protein so vigorously that it cannot l)e removed by washing with water in any 
reasonable length of time. Gallic acid and certain other non-tannins combine 
readily with hide, but they can be removed by prolonged washing with water. If 
they com1)ined so vigorously that they could not be removed l)y washing, they would 
be classed as tannins. In order to differentiate between the loose combinations of 
non-tannins and the vigorous combinations of the true tannins, the term fixation 
has been applied to the vigorous combinations. 

In tannery ])ractice, wlien hides are put into a tan liquor, they do not remove 
all tlie tannin front tlie litiuor in any reasonable length of time, even wlien they 
have the capacity to comltine witli much more tannin tlian is present in the liquor. 
For tin's reason, as well as to mellow and condition the litiuors, tanners use press- 
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over systems, using' the same liquor for successive lots of hides until its tannin 
content is nearly exhausted. 

For the same set of conditions, the rate at which the tannins become fixed by 
the hides varies greatly for different tanning materials. For example, if two 
series of tan liquors are made up with identical tannin contents, one series with 
cutch extract and the other with quebracho extract, and the same quantity of hides 
is passed through each series until all the hides are completely penetrated, and if 
then all the hides are taken out after having been in the liquors the same length of 
time, the hides from the cutch liquors will be found to contain more than twice as 
much fixed tannin as those from the quebracho liquors, even though the quebracho 
penetrates the hides much more rapidly than the cutch does. If the hides from the 
quebracho liquors are put back into their respective liquors and left for a longer 
time, they will still not take up as much tannin as the hides in the cutch liquors 
did in a much shorter time. Hides have a much greater avidity for cutch tannin 
than they have for quebracho tannin. As a measure of this avidity, we determine 
the number of pounds of tannin combined with 100 lbs. of hide protein under a given 
set of conditions and call it the relative fixation value. 

The significance of this important property of tanning materials will be made 
clearer by the following description of a series of experiments run to determine 
the relative fixation values of different tanning materials and mixtures thereof. 
An ex-light steer hide was put through the beamhouse and treated in the manner 
generally approved for sole leather. Rectangular pieces were cut from the butt 
area in such manner as to give representative and comparable samples. These were 
suspended in the tan liquors contained in flat battery jars having width and depth 
slightly greater than the width and length of the hide pieces, corresponding roughly 
to the proportions commonly found in rocker vats in the tannery. Each piece was 
suspended first in a tan liquor of 0.5 percent tannin and left for 2 days. The liquor 
was then run away and replaced by a fresh one of 1 percent tannin. In this manner, 
the strengths of the liquors were increased by 0.5 percent tannin every other 
working day until a strength of 6 percent tannin was reached. The piece was then 
left in this liquor until the total tanning time was 42 days. It was then taken out, 
oiled lightly to prevent oxidation, dried slowly and analyzed. One piece of hide 
was taken for each kind of tanning liquor. 

The tanning time of 42 days was considered sufficient for comparative purposes, 
since it allowed 9 days' contact of hide and liquor after even the slowest penetration 
was completed.- The bisulfited quebracho was made from the ordinary quebracho 
extract by bisulfiting with 3 percent by weight of sodium bisulfite. ^ 

Table 36 gives a list of the different tanning materials used, their mixtures, 
the days required for complete penetration through the thickness of each piece, 
the pH value of the final used liquoi*, and the fixed tannin in the leather in terms 
of lbs. of tannin combined with 100 lbs. of hide protein. 

For this specific set of conditions, the value for fixed tannin is a measure 
of the fixation value of the given extract or mixture. It will be noted that the 
fixation value for bisulfited quebracho is much higher than that for ordinary 
quebracho. In other words, bisulfiting quebracho so changes the nature of its 
tannins that hide protein combines with it with much greater avidity. 

This table is of tremendous value to the sole-leather tanner and should be 
studied by him with minute care. It should be remembered that the stock tanned 
was an ex-light steer hide where the effects of rate of penetration are much less 
than with heavy steer hides. pH value plays a very important part in both tannin 
combination and in rate of penetration; the pH values were measured, but no 
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adjustments were made purposely, so that the pH values produced naturally by the 
different extracts could be observed. Decreasing the pH value generally causes an 
increase in fixation value, but a decrease in rate of penetration. If the tanning 
time is limited, a low rate of penetration may result in a lesser total fixation of 
tannin because of the short time of contact of the tannin with the middle layer of 
the hide. 

Table 36. Lbs. of Tannin Combined with 100 Lbs. of the Hide Protein of an Ex-light 
Steer Hide in 42 Days, the Final pH Values of the Liquors and the Number of 
Days Required for Complete Penetration of Hide by Tannin. 


Tanned with equal parts on tannin basis of 

Fixed 

tannin 

Final 
pH value 

Days to 
penetrate 

1. 

Cutch extract alone 

69.61 

4.37 

16 

2. 

Chestnut-wood extract alone 

64.55 

3.20 

14 

3. 

Cutch-Chestnut-Bisulfited Quebracho 

52.66 

3.50 

14 

4. 

Cutch-Bisulfited Quebracho-Spruce 

49.25 

3.42 

22 

5. 

Hemlock-bark extract alone 

46.48 

4.28 

19 

6. 

Cutch-Wattle-Spruce 

45.51 

3.60 

27 

7. 

Cutch-Chestnut-Wattle 

44.83 

3.67 

16 

8. 

Oak-bark extract alone 

44.04 

4.55 

30 

9. 

Cutch-Quebracho 

43.21 

4.33 

25 

10. 

Cutch-Chestnut-Quebracho 

42.44 

3.62 

17 

11, 

Bisulfited Quebracho alone 

40.47 

6.07 

10 

12. 

Cutch- Wattle 

40.30 

4.37 

18 

13. 

Chestnut- Wattle- Bisulfited Quebracho 

39.92 

3.53 

14 

14. 

Valonia alone 

37.61 

3.83 

20 

15. 

Wattle-bark extract alone 

37.15 

4.76 

11 

16. 

Chestnut- W attle- Quebracho 

37.10 

3.67 

10 

17. 

Cutch-Wattle-Bisulfited Quebracho 

36.29 

4.42 

14 

18. 

Wattle-Bisulfited Quebracho- Spruce 

34.44 

3.57 

20 

19. 

Quebracho-wood extract alone 

29.63 

5.27 

18 

20. 

Myrobalans extract alone 

27.45 

3.13 

33 


Cutch extract has by far the highest fixation value, and tlie writer has found 
that the yield of sole leather produced by any lilend of tanning materials can be 
increased by increasing the proportion of cutch in the mixture. Myrobalans extract 
liad the lowest fixation value, but its liquor had the lowest pH value, which causes 
an increase in the time required for penetration. Myrobalans is not used primarily 
for its tannin content but as an acid producer, and the low pH value of its liquor 
proves its efficiency in this regard. 

Ordinary quebracho extract has a relatively poor fixation value and low rate of 
penetration, but bisulfiting increases its fixation value by more than 36 iiercent 
and its rate of penetration to the speediest of all. 

Chestnut is second in fixation value and penetrates more rapidly than cutch 
alone. The part played by spruce extract is interesting; when used to replace 
chestnut in mixture with cutch and wattle, it produces a slightly increased fixation 
value, but greatly decreases the rate of penetration. When used to rci)lace cutch 
in mixture with wattle and l)isulfited quebracho, it decreases l)Oth the fixation 
value and the rate of penetration. Because of its effect in slowing the rate of 
penetration, spruce is used largely after the preliminary tanning in order to 
increase the weights and gains of sole leather. 

Many tanners will be interested in knowing the results of combinations and con- 
ditions not shown in Table 36. It should be pointed out that any tanner with a 
chemical laboratory at his disposal can obtain similar results for any materials, 
combinations and sets of conditions that he desires by following the procedure out- 
lined. Many tanners who have not previously thought of doing work of this kind 
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for their own special information will find it extremely valyabk in dielping; to 
operate their tanneries at highest efficiency. 

Of the results of blends shown in Table 36, the most promising is ilfaf M. kiC 
equal mixture on tannin basis of cutch, chestnut and bisulfited quebracho. It may 
be significant that these three materials represent the first three in order of 
quantity used in the United States. The writer has operated sole-leather yards with 
this mixture and has obtained excellent results in quality, plumpness, solidity and 
yield of leather. The yields of leather were well above average and the cost below ; 
and the leather gained a reputation for its unusual fineness of quality. By leaving 
the proportion of chestnut constant at one-third on tannin basis, the writer found 
that he could increase the rate of penetration of tannin into the hides at will 
by increasing the proportion of bisulfited quebracho to cutch, and that he could 
increase the plumpness and yield of leather and lower the cost of tanning materials 
by increasing the proportion of cutch to bisulfited quebracho. This is in full 
agreement with the data given above and shows that they are borne out in practice. 

Most tanners know that hides remove tannins from liquors with increasing 
avidity when increasing amounts of acid are added to the liquors. In the experi- 
ments described above, no acid was added to any liquor, but the pH values show 
that the acidities of the different liquors differed widely because of the different 
natures of the various tanning materials. In order to show the effect of pH 
value upon the fixation value, five experiments were run with the cutch-chestnut- 
bisulfited quebracho mixture, each at a different pH value. 

In these experiments, a light steer hide was used. As it was heavier than the 
ex-light steer hide used in the earlier experiments, a longer time was required 
for penetration. The experiment was run exactly like the earlier one except for 
control of pH value. Lactic acid was used to lower the pH values. The pH values 
chosen were 5.0, 4.5, 4.0, 3.5 and 3.0, which represents the extreme range found in 
most tanneries. When liquors with pH values as low as 3.0 are used, special pre- 
cautions must be taken to prevent acid swelling and consequent destruction of the 
hide. The tanning of each piece was started in a liquor of pH value 2.0 higher 
than the pH value at which most of the tanning was to be done. For example, the 
piece to be tanned at a pH value of 3.0 was started at a pH value of 5.0 and this 
was lowered gradually to 3.0 in the course of 7 days, by which time penetration 
had progressed far enough to prevent damage when the pH value was lowered to 
3.0. The total tanning time was 42 days, as in the previous experiments and so each 
piece was in liquor at the indicated pH value for 35 days after having been in 
liquors of higher pFI value for 7 days. 

The results are shown in Table 37. 

Table 37. Effect of pH Value upon Lbs, Tannin Combined with 100 Lbs. Hide 
Protein of Light Steer Hide in 42 Days and Number of Days Required for Tannin 
to Penetrate the Hide Completely, Using Equal Parts on Tannin Basis of Cutch, 
Chestnut and Bisulfited Quebracho and with Tannin Strengths Increasing Gradually 
from 0.5 to 6.0 percent. 


Final 

Fixed 

Days to 

pH Value 

tannin 

penetrate 

5.0 

37.3 

19 

4.5 

42.2 

19 

4.0 

43.0 

24 

3.5 

50.6 

24 

3.0 

56.8 

42 


With pH value decreasing from 5.0 to 3.0 by the addition of lactic acid, the 
fixation value rises from 37.3 to 56.8 and the time required for the tannin to 
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penetrate completely through the hides increases from 19 to 42 days. In Table 36, 
results for the same mixture on a lighter hide gave a fixaltion value of 52.66 and a 
penetration time of 14 days at a pH value of 3.5. The results in Table 36 for a 
pH value of 3.5 show that the effect of greater thickness in the hide was to increase 
the time required for complete penetration from 14 to 24 days and to lower the 
fixation value from 52.7 to 50.6, using the same total time in the liquors. 

A small increase in thickness of a hide requires a relatively large increase 
in time to effect complete penetration by tannin. If the tanning time is kept 
constant and thicker hides are used, there will be corresponding decreases in fixation 
values because of the shorter time of contact of the tannins with the middle layers 
of the hides. When very heavy hides are tanned, the differences in time required 
for different tanning materials to penetrate them become very great. 

A series of experiments was run with a very heavy steer hide exactly like 
those whose results are given in Table 36 except for the tanning materials 
and the extension of the tanning time to 57 days. In one experiment the cutch was 
bisulfited like the quebracho. The results are shown in Table 38. 

Table 38. Lbs. Tannin Combined with 100 Lbs. Hide Protein of a Pleavy Steer Hide 
in 57 Days, the Final pH Values of the Liquors and the Number of Days Required 
for Tannin to Penetrate the Hide Completely. 



Fixed 

Final 

Days to 

Tanned with parts on tannin basis of 

tannin 

pH value 

penetrate 

Bisulfited Cutch extract alone 

47.01 

4.19 

57 

Cutch extract alone 

38.36* 

3.81 

over 57 

Chestnut-wood extract alone 

38.72 

2.94 

37 

Bisulfited Quebracho alone 

28.42 

4.10 

17 

Wattle-bark extract alone 

28.30 

4.10 

18 

50% Ciitch-50% Chestnut 

43.68 

3.22 

50 

50% Cutch-50% Bisulfited Quebracho 

37.49 

3.71 

23 

50% Chestnut-50% Bisulfited Quebracho 

32.84 

3.15 

21 

25% Cutch-37i-% Chestnnt-37^% Bis. Quebracho 

36.84 . 

3.30 

23 

50% Cutch-25% Chestnut-25% Bis. Quebracho 

43.47 

3.02 

27 

75% Cutch-12i% Chestnnt-12i% Bis. Quebracho 

46.92 

3.54 

37 

This value cannot be n.sed as a fixation value because the 
time it was taken out for analysis. 

hide still 

had a raw .sti 

reak in it at 


For very heavy hides like this, it would be impractical to use cutch extract 
alone because of the very great length of time required to get the tannin to pene- 
trate completely through the stock. It would be impractical to luse bisulfited que- 
bracho alone l3ecause of the low fixation value, which results in fiat leather of 
low yield. The use of chestnut alone is not desirable because of the color of the 
leather, its low resistance to decomposition by acids, the long time required for 
penetration and other characteristics not readily described, l)Ut which a tanner 
gets to know through experience. 

Equal parts of chestnut and quebracho give a satisfactory penetration time, 
but the yield is low. Equal parts of chestnut and cutch give a very satisfactory 
yield, ])ut the penetration time is too long. Equal parts of quebracho and cutch 
give satisfactory yield and penetration time; but an improvement in yield is 
ol)tained by replacing some of the quebracho by chestnut, with but little increase 
in penetration time. With each increase in cutch, there is an increase in yield 
of leather, accompanied l)y an increase in penetration time. All this explains 
vvliy tanners rarely use only one vegetable tanning material ; tliey use mixtures, so 
that the advantages of one will offset the disadvantages of another. A good 
blend will produce far better leather than any one material used alone. Color 
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is an important property in vegetable-tanned leather, and sometimes a tanner will 
pay a premium for a material that will impart to the leather the shade and kind of 
color that is pleasing to the consumer. In arriving* at a suitable blend, he must 
take into consideration the cost of the materials based on their true tannin contents, 
their stabilities, their properties in use and the properties which they impart to the 
leather. 

Effect of pH Value on Color of Tannins 

Vegetable- tanning materials change in color with change of the pH value of 
their solutions, resembling in this respect the indicator dyes used with the La Motte 
Comparator for determining pH value. When vegetable-tanning materials are 
analyzed,’ it is customary to tan a small piece of sheep skiver to show the color 
which the tanning material imparts to leather. The color obtained is meaningless 
unless the pH value is defined, because the color is different for each pH value. 
At a pH value of 3.0, most tanning materials have very light colors. With increas- 
ing pH value, the color deepens. For example, the color of a gambier liquor at a 
pH value of 3.0 is light straw, which gradually turns to a dark red as the pH value 
is raised to 12.0. Over the same range, quebracho liquors change from a light pink 
to a deep red with a violet tinge. The change in color is reversible and can be 
made light or dark at will by lowering or raising the pH value. 

Use is made of this principle in bleaching sole leather. After the leather has 
been tanned it is immersed in a solution of soda ash (sodium carbonate) to cleanse 
the grain, and then in a solution of sulfuric acid to lighten the color. 

Effect of pH Value on Oxidation of Tannins 

When vegetable-tanned leather is hung to dry, if the drying is done rapidly in 
a current of warm air, the leather becomes badly discolored by deep red to purple 
stains ; washing in an alkaline solution followed by an acid bleach may be necessary 
to remove them. This is caused by a chemical reaction between the tannins and 
oxygen from the air. The compound of tannin and oxygen is no longer a true 
tannin, but a resinous material insoluble in acidified water, but soluble in alkaline 
solutions. This kind of oxidation is apparently responsible for some of the tannin 
losses that occur when some kinds of tan liquors are allowed to stand for a long 
time exposed to air. 

Wilson and Kern developed a method for measuring the extent of this oxidation 
in tan liquors by allowing the oxidation to take place and then acidifying the 
liquors to a pH value of 3.0, at which the oxidized tannins are precipitated and 
can be measured. They found that oxidation proceeds at the greatest rate when the 
pFI value of the liquor is about 9. They set up two series of liquors containing 
1 percent of tannin, one of gambier and the other of quebracho, and adjusted the 
pH values of each series over a range from 3.0 to 12.0. They allowed all liquors 
to stand in shallow dishes exposed to air for 3 days. They then added hydrochloric 
acid to each liquor to bring its pH value to 3.0. The liquors were placed in 100-cc. 
graduated cylinders; the precipitates of oxidized tannin were allowed to settle, 
and their volumes were measured. The results are shown in Fig. 167. 

Little or no oxidation of gambier takes place at pH values below 5.0, but 
some oxidation of quebracho appears to take place at all pFI values down to 3.0. 
Above a pFI value of S.O, oxidation of both materials takes place with accelerating 
rapidity up to a pH value of 9.0. Some tan yards are operated on such basis that 
the lime in the stock entering the tail liquors has a tendency to raise the pH value 
above 5.0. When this occurs, the stock becomes discolored by the oxidizing tan- 
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nins ; if the pH value is allowed to rise as high as 7.0, putrefaction of the stock also 
sets in and the damage to the stock becomes irreparable. It has been the writer’s 
privilege to save more than one tanner from ruin by teaching him to add acid to the 
tail liquors whenever the pH value rose above 5.0. 



Fig. 167. 

How Oxidation of Tannins Pro- 
ceeds at Different pH Values as De- 
termined by Acidifying to pH Value 
of 3.0 after Oxidation Flas Taken 
Place and Measuring Volume of Pre- 
cipitate. 


4 6 6 7 8 9 10 11 

pH Value During 3 Days 
Exposure to Air 


Effect of pH Value on the Precipitation of Quebracho Liquors 

As was .shown in Table 33, considerable tannin losses occur in quebracho 
liquors when acidified to plT values below 5.0, Wilson and Kern also studied the 
effect of pH value on the precipitation of quebraclio liquors. They used liquors 
of 0.4 percent tannin and sulfuric or hydrochloric acid to lower the pH value, and 
lime or caustic soda to raise it. The results are shown in Fig. 168. 

The solution receiving no addition of acid or alkali had a pH value of 4.60. 
As the pH value was lowered from this by the addition of either acid, there was 
an increase in the percentage of insoluble matter found l)y analysis, sulfuric acid 
proving the more effective in causing precipitation. With increasing ])H value, 
there was first a decrease in the percentage of insolulile matter found, and the 
unfiltered solutions gradually became more nearly transparent. In the case of the 
liquors treated with caustic soda, this continued without a break, the liquor having 
a pPI value of 11.35 being quite transparent. Where lime was used to raise the 
pFI value, the insoluble matter continued to pass into solution until a pH value of 
7 was reached, above which the tannin was precipitated in increasing amounts. 

These results suggest that the insoluble matter in quebracho extract consists 
at least partially of oxidized tannins, which we know arc soluble in alkaline 
solution, and is precipitated in increasing quantity as the pFI value is lowered. 
They also suggest a parallel between the bisulfiting of quehradio extract and the 
production of spruce extract. The lignins of spruce wood are insoluble in water, 
but can be dissolved by treatment with alkali or with lime and sulfur dioxide. In 
this respect, they lieliave like oxidized tannins and may actually be essentially 
the same. After the treatment of the wood lignins with lime and sulfur dioxide, 




VEGETABLE-TANNING MATERIALS 


303 


which corresponds to bisulfitiiig, they become soluble in acid solution and have 
tanning properties. If the results of mixtures No. 6 and 7 in Table 36 are 
studied, it will be obseiwed that spruce extract adds as much fixation value to 
the mixture as does chestnut extract, which has a much higher fixation value than 
quebracho extract. If the bisulfiting of the oxidized tannins of quebracho is 
similar in principle to the bisulfiting of spruce lignins, it is readily understood 
why bisulfiting quebracho decreases the insolubles and increases the fixation value. 

The precipitation of quebracho by lime at pH values above 7 furnishes another 
powerful reason for guarding the tail liquors against undue rises in pH value. 

Acid Fermentation in Tan Liquors 

In the simple fermentation of sugars by yeasts, about one-half of the weight 
of the sugars becomes carbon dioxide gas and the other one-half becomes alcohol. 
The alcohol becomes oxidized to acetic acid, when the liquor is exposed to air, as 
in the case of the souring of wines. In tan liquors, fermentation is greatly com- 
plicated by the presence of molds and other microorganisms which secrete enzymes 
that break down, or hydrolyze, the tannins of some kinds of tanning materials. For 
example, the common black mold, Aspergillus niger, secretes the enzyme tannase, 
which breaks down the tannins of chestnut wood, myrobalans and other tannins of 
the pyrogallol type, and one of the end-products is gallic acid. This type of acid 


Fig. 168. 

Effect of pH Value on the Pre- 
cipitation of Quebracho Liquors by 
Sulfuric Acid (HsSOi), Hydrochloric 
Acid (HCl), Lime (Ca(OH)-.) and 
Caustic Soda (NaOH). 



fermentation has l)cen known to ruin tanners who were not familiar with it. Not 
only is tannin destroyed, but excessive amounts of acid in the liquors cause an 
acid swelling and destruction of the stock. With the advent of pFI control and 
the knowledge of how to use salt to prevent desti'uctive acid swelling, this danger 
has been practically eliminated. 

Cameron and McLaughlin developed a method for determining the contents of 
lactic, acetic and gallic acids in vegetable-tanning extracts and obtained results 
for cutch, oak, hemlock and chestnut. Using their method the writer obtained 
results for wattle, quebracho and myrobalans extracts. The results, calculated to 
dry basis, are given in Table 39. 
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Table 39. Acid and Sugar Contents of Vegetable-tanning Extracts and pH Value 
of Solutions of 0.4 percent Tannin. 


Extract 

Lactic 
acid % 

Gallic 
acid % 

Acetic 
acid % 

Sugars % 

pH 

value 

Chestnut 

0.14 

12.03 

0.79 

11.61 

3.29 

Myrobalans 

0.70 

9.14 

0.04 

10.27 

3.28 

Oak 

0.60 

3.59 

0.20 

13.09 

4.37 

Hemlock 

0.34 

2.05 

0.16 

11.27 

3.77 

Cutch 

1.20 

0.10 

0.13 

1.92 

4.12 

Quebracho 

0.05 

0.80 

0.18 

1.S8 

4.64 

Wattle 

0.005 

0.32 

0.02 

5.39 

5.03 


The order given is for decreasing total acid content. Chestnut-wood extract 
not only has the highest acid content, but most of the acid present is gallic, which 
is probably formed as a by-product of destruction of tannin. This extract also 
has the highest sugar content, and sugar also would be a by-product in the destruc- 
tion of tannins of the nature of penta-digalloyl-glucose. The gallic acid would 
also be responsible to some extent for making the tannin determination by the oflicial 
method higher than the true value. Cutch has the highest content of lactic acid, 
but its total acid content is relatively low. Wattle has the least total acid. 

The four extracts containing the highest total percentages of acids have most of 
their acid present as gallic; these are relatively unstable in dilute solution upon 
long standing. It should be noted that these extracts were not allowed to ferment 
appreciably after manufacture and that fermentation would be greatly accelerated 
after dilution. Quebracho has very little total acid, but its dilute solutions are 
relatively unstable. In this case, it seems probable that tannin losses on standing 
are due to oxidation. Cutch and wattle are extremely stable. 

Discoloration of Tannins by Iron 

Vegetable tannins combine vigorously with ii*on com])ounds, forming products 
of very intense blue-black color. So intense is this color that iron compounds 
of the tannins are widely used in the preparation of black inks. Iilxceedingly small 
percentages of iron present in extracts give them an intense bluc~l)lack color; 
therefore the presence of iron mu.st l)e avoided as far as possible, if leather of light 
color is to be made. 

Tanners must avoid contact of their extracts and li(|uors with iron.^ Storage 
tanks are usually made of cypress wood, and conduits of copper. Discolorations by 
small proportions of iron can be eliminated l)y the addition of Calgon (polymeric 
sodium metaphosphate) to the liquors. This combines more vigorously with the 
iron than do the tannins, with the formation of a light-colored or coloidcss product. 
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Chapter 11 
Vegetable Tanning 

Raw skin is readily putrescible in the wet state. Upon drying, the collagen 
fibers become glued together and the skin becomes very stiff. Although the dried 
skin will not putrefy, it again becomes putrescible as soon as it comes into contact 
with water. Thousands of years ago the discovery was made that the properties 
of skin substance change completely when the wet skin is brought into contact with 
the aqueous extract of those forms of plant life which have since come to be classed 
as vegetable tanning materials. The action which brings about this change of 
properties is known as vegetable tanning, and the compound of skin protein and 
tannin as leather. Under normal conditions, the fibers of leather do not glue 
together upon drying and they are not putrescible even in the wet state. 

The practice of tanning is greatly complicated by the necessity for imparting to 
the leather many delicate properties, according to the use to which it is to be put, 
all of which are markedly affected by slight differences in manipulation. The effect 
produced by any single change in the tanning process depends upon the nature of 
every one of the numerous operations preceding and following that in which the 
change has been made. In the manufacture of one type of leather, a skin may be 
subjected to scores of different operations, and a slight change in any one of these 
may necessitate changes in nearly all the others in order to preserve the specific 
properties desired in the finished leather. It is this fact that renders most practical 
treatises on leather manufacture of so little value to the tanner. Were he to try to 
adopt an operation described in the literature which was better in itself than the 
one he was using, he might find that the change would spoil his leather because 
of its failure to harmonize with all the other operations peculiar to his particular 
process. 

To avoid this difficulty, the writer has tried to provide in this l)ook, a continuity 
of procedures, each specific in itself. Many writers who describe procedures avoid 
specific details because they realize that the conditions best for one tanner may 
not be best for another, and that variations in types of raw stock require correspond- 
ing variations in procedure to get the best results. When the latitude given in pro- 
cedures is too wide, the tanner may be at a loss to know just how to proceed unless 
advised by someone with previous experience on the type of stock he is using. 
For any single test, a specific procedure must be outlined. After the results are 
known, an opportunity is afforded to make such changes in procedure as may be 
necessary to alter the properties of the leather in the direction desired. 

From many years of experience in developing new procedures and in introducing 
procedures into a tannery for the first time, the writer has found it essential to 
prepare the procedure in specific detail and then to indicate how to improve upon 
the results, once they are known. In Chapters 7, 8 and 9, very specific procedures 
were described for handling green, salted calfskins through the bating and pickling 
operations. These will produce reasonably satisfactory results for any kind of 
green, salted calfskins. This provides continuity of procedure. It was then shown 
how the details could be varied, depending upon the results, to make improvements. 
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The writer has found this method of presentation eminently satisfactory in many 
different tanneries. 

Vegetable Tanning Bated Calfskins 

In Chapter 9 specific details were given for bating calfskins and for pick- 
ling them after bating. Under some conditions, it is preferable to vegetable-tan 
calfskins directly after bating, without pickling at all; under other conditions, it 
is preferable to pickle them before tanning. Since the tanning conditions are of 
necessity different in the two cases, it is necessary to describe them separately. 



Courtesy A, F. Gallun & Sons Corp. 


Fig. 169. Hanging Bated Calfskins in Vegetable Tan Liquors. 

When bated stock is put into a tan liquor, any violent mechanical agitation 
must be avoided in order to prevent a severe grainy condition of the stock, which 
becomes set by the tannage. It is customary to start the tannage by suspending the 
skins, tacked to sticks, in still vats of tan liquor. The method of tacking bated 
calfskins to the sticks is shown in Fig. 169. In the background the tackers may be 
seen at work. Each skin is laid out flat on a table and tacked to a wooden stick 
with 5 heavy copper tacks so that the skin will hang head down when suspended 
from the stick. In the foreground may be seen a man immersing the skins in a tan 
liquor in a still vat. He is very careful to have the skin smooth and free from 
wrinkles when he puts it into the liquor. When the skin is completely submerged, 
the stick rests on a wooden frame and the skin hangs head down in the liquor. 

The tan yard is divided into sections of wooden vats, 6 feet deep, with their 
tops flush with the floor level. Each section is about 70 feet long by about 10 
feet wide and is divided into 6 stick vats, each 10 feet square, and 4 handler vats, 
each 5 feet square. All vats in any one section are connected by means of a pump 
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log, a wooden conduit, with opening’s into each vat about 6 inches below the top. 
These openings are normally closed by means of wooden plugs. Typical pump 
log structures are shown in Fig. 170. If the liquor level of any one vat in the 



section is below the pump-log entry and that of another is a])ove it, when the 
wooden plugs of ]K:)th vats are removed, liquor will flow from the vat of higher 
level to the vat of lower level until the one of higher level is filled just to the pump- 
log entry. In tins way, overflows from any one vat can be run into any other vat in 
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the section that is not filled to the pump-log entry. Each vat is also equipped 
with bottom outlet for draining to sewer when necessary. 

Each stick vat is provided with two floating wooden frames, each about 9 ft., 
10 in. long by about 4 ft., 10 in. wide. These frames support the wooden sticks to 
which the skins are tacked. Each stick is 4 ft., 10 in. long by about 1 sq. in. cross- 
section. Each stick vat has a capacity of about 150 calfskins. In each section, 
one stick vat and one handler vat is used to receive overflow liquor from the vats 
in use. The bated stock passes successively through 5 stick vats and 3 handler 
vats, remainiftg for one working day in each. 

The number of different mixtures of tanning materials that can be used to 
produce satisfactory leather is very great. However, the writer has selected a 
mixture of three on the basis of low cost and fineness of quality of the finished 
leather. These are solid cutch extract, ordinary solid quebracho extract and 
liquid spruce extract. Chestnut-wood extract and myrobalans are not suitable 
for calf upper leather because of the bloom of ellagic acid which they deposit on 
the grain surface of the leather. Gambier is a good material to use, but its cost 
is too high. 

The quebracho is dissolved separately from the others. A thousand lbs. of 
ordinary solid quebracho extract is placed in a wooden storage tank equipped with 
a copper coil for heating with steam. Enough boiling water is added to produce a 
final volume of 1000 gals. After all the quebracho has dissolved, the liquor is 
agitated by any suitable air blow to mix it thoroughly, and it is then pumped to a 
settling tank, where it is allowed to cool over night. Next day, it will be found 
that the insoluble matter has settled out on the bottom of the tank as a sludge. The 
clear liquor is decanted off from the settled sludge and pumped into the storage 
tank. Into another tank is placed 400 lbs. of solid cutch extract and 1000 lbs. of 
liquid spruce extract. It is covered with 500' gals, of boiling water and mixed 
well until completely dissolved. Then 380 gals, of the decanted quebracho liquor 
is added, the liquor is diluted to a total volume of 1500 gals., mixed well and 
cooled for use. The dilution should be such that, after the liquor is cooled, 1500 
gals, contains 380 lbs. of solid quebracho (minus its insolubles), 400 lbs. of cutch 
and 1000 lbs. of spruce. This constitutes the stock liquor for the yard. 

Give each vat in any section a permanent letter according to its physical 
position in the section. For example, in section No. 1, call the first stick vat A, 
the second B, etc., and the sixth one F. Then label the first handler vat G, etc., 
and the fourth one J. Designate each vat also by a temporary number according to 
its order in the series through which the bated skins pass, which will change from 
one cleaning period to another. When starting a section fresh, label the six 
stick vats in order, A-1, B-2, C-3, D-4, E-5 and F-0, the 0 for the sixth stick 
vat indicating that it receives the overflow liquor for the period. The bated 

stock always goes first into No. 1, then into No. 2, etc. in order through No. 5, 

and then into the handler vats, which will be labelled G-1, H-2, 1-3 and J-0, the 
fourth handler vat receiving the overflow liquor for the period. 

In starting a section for the first time, add 400 gals, of stock liquor to A-1, 640 

gals, to B-2, 880 gals, to C-3, 1120 gals, to D-4 and 1280 gals, to E-5. Leave 

vat F-0 empty to receive the overflows from the other stick vats during the 
strengthening of the liquors. To handler vat G-1, add 360 gals., to H-2 400 gals., 
and to 1-3 440 gals. Leave J-0 empty to receive overflow liquor. Then fill each 
vat receiving stock liquor with water at 70° F. to the overflow plug and mix 
thoroughly. This is best done with compressed air passed through a half-inch 
copper pipe about 7 feet long, attached to the compressed-air line by means of 
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a flexible hose. To mix the liquor thoroughly, it is merely necessary to pass 
the outlet opening of the copper pipe along and across the bottom of the vat while 
the air is turned on. If compressed air is not available, the liquor can be mixed 
by means of a wooden plunger operated by hand. The general starting arrange- 
ment of the vats is shown in Fig, 171. 


A-1 

B-2 

C-3 

B— A 

E-5 

P-0 

a -1 

H-2 

1-3 

J-0 








Fig. 171. Diagram of Section of Stick and Handler Vats for Vegetable Tanning Calf- 
skins. Letters are permanent designations for the vats; the liquor numbers change 
after each cleaning period. 


On the first working day of the new section, take 150 calfskins, after dcliming 
and bating as described in Chapter 9, weigh them and record as bated weight. 
Tack them onto sticks and hang them head down into vat No. A-1. The number 
of sections operating simultaneously must be sufficient to take care of total 
production. 

Oil the second zvorking day: 

1. Move pack No. 1 into vat No. B-2. 

2. To vat No. A-1, add 6 gals, stock liquor per 100 lbs. bated weight of pack No. 1 

and mix well. 

3. Put new pack No. 2 into vat No. A-1, running overflow to vat No. J^'-O. 

On the third zvorking day: 

1. Move pack No. 1 into vat No. C-3. 

2. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack No. 1 

and mix well. 

3. Move pack No. 2 into vat No. B-2, running overflow to vat No. F-0. 

4. To vat No. A-1, add 6 gals, stock liquor per 100 ll)s. bated weight of pack 

No. 2 and mix well. 

5. Put new pack No. 3 into vat No. A-1, running overflow to vat No. F-0. 

On the fourth zuorking day: 

1. Move pack No. 1 into vat No. D-4. 

2. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of i)ack No, 1 

and mix well. 

3. Move pack No. 2 into vat No. C-3, running overflow to vat No. F-0. 

4. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 2 and mix well. 

5. Move pack No. 3 into vat No. B-2, running overflow to vat No. F-O. 

6. To vat No, A-1, add 6 gals, stock liquor per 100 lbs. bated weight iti pack 

No. 3 and mix well. 

7. Put new pack No. 4 into vat No. A-1, running overflow to vat No. F-0. 

Oh the fifth zvorking day: 

1. Move pack No. 1 into vat No. E-5. 

2. To vat No. D-4, add 5 gals, stock liquor per 100 ll:)s. bated weight of pack 

No. 1 and mix well. 
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3. Move pack No. 2 into vat No, D-4, running overflow to vat No. F-0. 

4. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 2 and mix well. 

5. Move pack No. 3 into vat No. C-3, running overflow to vat No. F-0. 

6. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 3 and mix well. 

7. Move pack No. 4 into vat No. B-2, running overflow to vat No. F-0. 

8. To vat No. A-1, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 4 and mix well. 

9. Put new pack No. 5 into vat No. A-1, running overflow to vat No. F-0. 

On the sixth working day: 

1. Haul out pack No. 1, remove from sticks and pile the skins flat, one by one, 

into vat No. G-1. 

2. To vat No. E-5, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 1 and mix well. 

3. Move pack No. 2 into vat No. E-5, running overflow to vat No. J-0. 

4. To vat No. D-4, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 2 and mix well. 

5. Move pack No. 3 into vat No. D-4, running overflow to vat No. F-0. 

6. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 3 and mix well. 

7. Move pack No. 4 into vat No. C-3, running overflow to vat No. F-0. 

8. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 4 and mix well. 

9. Move pack No. 5 into vat No. B-2, running overflow to vat No. F-0. 

10. To vat No. A-1, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 5 and mix well. 

11. Put new pack No. 6 into vat No. A-1, running overflow to vat No. F-0. 

On the seventh zuorking day: 

1. Move pack No. 1 into vat No. H-2. 

2. To vat No. G-1, add 2^ gals, stock liquor per 100 lbs. bated weight of pack 

No. 1 and mix well. 

3. After removing from sticks, move pack No. 2 into vat No. G-1, running over- 

flow into vat No. J-0. 

4. To vat No. E-5, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 2 and mix well. 

5. Move pack No. 3 into vat No. E-5, running overflow to vat No. J-0. 

6. To vat No. D-4, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 3 and mix well. 

7. Move pack No. 4 into vat No. D-4, running overflow to vat No. F-0. 

8. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 4 and mix well. 

9. Move pack No. 5 into vat No. C-3, running overflow to vat No. F-0. 

10. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. of bated weight of pack 

No. 5 and mix well. 

11. Move pack No. 6 into vat No. B-2, running overflow to vat No. F-0. 

12. To vat No. A-1, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 6 and mix well. 

13. Put new pack No. 7 into vat No. A-1, running overflow to vat No. F-0. 
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On the eighth zvorking day: 

1. Move pack No. 1 into vat No. 1-3. 

2. To vat No. H-2, add 2i gals, stock liquor per 100 lbs. bated weight of pack 

No. 1 and mix well. 

3. Move pack No. 2 into vat No. H-2, running overflow to vat No. J-0. 

4. To vat No. G-1, add 2i gals, stock liquor per 100 lbs. bated weight of pack 

No. 2 and mix well. 

5. After removing from sticks, move pack No. 3 into vat No. G-1, i*umiing over- 

flow into vat No. J-0. 

6. To vat No. E-5, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 3 and mix well. 

7. Move pack No. 4 into vat No. E-5, running overflow to vat No. J-0. 

8. To vat No. D-4, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 4 and mix well. 

9. Move pack No. 5 into vat No. D-4, running overflow to vat No. F-0. 

10. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 5 and mix well. 

11. Move pack No, 6 into vat No. C-3, running overflow to vat No. E-0. 

12. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 6 and mix well. 

13. Move pack No. 7 into vat No. B-2, running overflow to vat No. F-0. 

14. To vat No, A-1, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 7 and mix well. 

15. Put new pack No. 8 into vat No. A-1, running overflow to vat No. F-0. 

On the ninth zvorking day: 

1. Haul out pack No. 1 and pile flat on truck. 

2. To vat No. 1-3, add 2-i gals, stock liquor per 100 lbs. bated weight of pack 

No. 1 and mix well. 

3. Move pack No. 2 into vat No. 1-3, running overflow to vat No. J-0, 

4. To vat No. FI-2, add 2i gals, stock liquor per 100 lbs. l)ated weiglit of pack 

No. 2 and mix well. 

5. Move pack No. 3 into vat No. H-2, running overflow to vat No. J-O, 

6. To vat No. G-1, add 2h gals, stock liquor per lOO lbs. bated weight of pack 

No. 3 and mix well. 

7. After removing from sticks, move pack No. 4 into vat No. G-1, running over- 

flow into vat No. J-0. 

8. To vat No. E-5, add 5 gals, stock liquor per 100' ll)s. I^atcd weight of pack 

No. 4 and mix well. 

9. Move pack No. 5 into vat No. E-5, running overflow to vat No. J-0. 

10. To vat No. D-4, add 5 gals, stock liquor per 100 lbs. bated weight of pack 

No. 5 and mix well. 

1 1. Move pack No. 6 into vat No. D-4, running overflow to vat No, F-0. 

12. To vat No. C-3, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 6 and mix well. 

13. Move pack No. 7 into vat No. C-3, running overflow to vat No. F-0. 

14. To vat No. B-2, add 6 gals, stock liquor per 100 lbs. bated weight of pack 

No. 7 and mix well. 

15. Move pack No. 8 into vat No. B-2, running overflow to vat No. F-0. 

16. To vat No. .^-1, add 6 gals, stock liquor per 100 lbs. 1)ated weight of pack 

No. 8 and mix weri. 

17. Ihit new pack No. 9 into vat No. A-1, running overflow to vat No. F-0. 
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The foregoing procedure has carried the first pack of skins entirely through the 
section and the indefinite continuation of the system is obvious from the descrip- 
tion. It is possible to move the skins from one stick vat to another by hand, taking 
them one or two at a time. In this case, the supporting frames are left in the vat. 
Mr. Albert F. Gallun, Jr. developed a system for moving them mechanically that is 
much more economical and time saving. It is shown in operation in Fig. 172. 

The two supporting frames in each stick vat are joined together by means of 
heavy cross beams. An electrically driven hoist operates from overhead rails so 
that it can be placed directly over any vat in the yard. It is equipped to raise 
both frames of any stick vat with all the skins suspended from their sticks and 
to move the whole pack to any other vat in the yard. For a new pack from the bate, 
the frames are placed on a support above the floor level and each skin is hung into 



Courtesy A. F. Gallun & Sons Corp, 

Fig. 172. Mechanical Device for Moving Calfskins in Vegetable-tan Yard. 

its frame after being tacked onto a stick. The whole pack can then be examined for 
folds and pleats before being immersed in the first stick liquor. When coming from 
the fifth stick vat, the frames are again placed on supports above the floor level 
and the skins are removed by hand, one by one; the tacks are withdrawn and the 
skins are thrown, one by one, into the first handler vat, care being taken to have 
them all lie out flat in a horizontal position to avoid creasing. Movement from 
one handler vat to another is by hand to insure against any creasing. 

Each stick vat has a total capacity of about 4500 gals. If the average weight 
of a pack of skins is 1500 lbs., the overflow stick vat will receive as a daily 
average 90 gals, each from stick vats No. 1, No. 2 and No. 3 and 75 gals, from 
stick vat No. 4, a total of 345 gals, per day, which will cause it to be filled to the 
point of three-quarters of its capacity in about 10 days. Each handler vat has a 
capacity of about 1125 gals. With the same average weight per pack, the overflow 
handler vat will receive daily 75 gals, from stick vat No. 5 and 37i gals, each from 
the 3 handler vats, a total of 187-1 gals, daily, which would cause it to be filled in 
only about 6 days. Actually, this discrepancy in filling time is not allowed to 
happen. The overflow from the fifth stick vat is run either to the overflow stick 
vat or to the overflow handler vat in such proportion that the overflow stick vat 
is filled to three-quarters of its capacity when the overflow handler vat is just 
filled. 

When this occurs, the overflow handler vat becomes the third handler vat and 
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receives the pack coming from the second handler vat. When the pack is removed 
from the former third handler vat, it becomes the second handler vat and receives 
the pack from the first handler vat. The former second handler vat becomes the 
first handler vat and receives the stock from the fifth stick vat. The liquor 
from the former first handler vat is pumped into the overflow stick vat to com- 
plete the filling of it. The emptied former first handler vat then becomes the 
new overflow handler vat. 

The former overflow stick vat now becomes the fifth stick vat, and receives the 
stock from the fourth stick vat. The former fifth stick vat now becomes the 
fourth and receives the stock from the third stick vat. Similarly, the former 
fourth becomes the new third, the former third becomes the new second and the 
former second becomes the new first stick vat. After the stock is removed from 
the former first stick vat, its liquor is run to the sewer, it is cleaned, if necessary, 
and becomes the new overflow stick vat. The whole change-over takes jilacc 
within the day and is really quite simple. 

This change-over is made every time the overflow stick vat becomes lillcd to 
the three-quarter mark with liquor and the first stick liquor is run to the sewer. 
There is one more procedure to be observed that was designed to save tannin. 
The first stick liquor usually contains about 0.5 percent tannin, as determimvl by the 
official method, and this represents a substantial money value in a large tannery. 
The foreman of the yard can tell several days in advance when the change-over is 
to take place. For the two days before the change, no stock liquor is added to the 
first stick vat, but the amount of stock liquor that would have been given to it 
is added to the other stick vats, being divided equally between them. The liquor 
run to the sewer is then practically exhausted of its tannin. There may be times 
when it is deemed inadvisable to allow a pack of ].)ated calfskins to remain in an 
exhausted liquor over night. By providing an extra stick vat tf) the system, it cjin 
be arranged to leave the fresh pack in the weak liquor for only an hour or two 
before moving it into the second stick vat. 

Temperature plays an important part in tanning. It is desirable to keep the 
temperature of the liquors as nearly constant as possible at some point between 
70 and 80° F. 

If the deliming of the stock is not done efficiently, there will lie a danger of 
the pH values of the liquors rising so high as to cause troulilc, and control may 
become necessary by occasional additions of acid to the liquors. The jiII value of 
the first stick liquor should never be allowed to rise above S.O. Whenever it does, 
dilute sulfuric acid should be added during the strengthening of the liquor to bring 
the pH value between 4.7 and 5.0. 

Variations in thickness of the skins may be responsilde for upsetting the tannin 
strengths of the liquors, and so it is de.sirable to make occasional analyses of the 
liquors and adjust them by increasing or decreasing the amounts of stock liquor 
used in strengthening. 

After the section is in full operation, the tannin strengths and pll values that 
it is desiralile to maintain arc as follows : 


Vat 

% tannin 

pi I value 

1st Stick 

0,5 

5.0 

2nd stick 

0.8 

4.7 

3rd stick 

1.1 

4.4 

4t]i stick 

1 4 

4.1 

5t!i stick 

1,6 

3.9 

1st liandler 

1.8 

3.7 

2ncl handler 

2.0 

3.6 

3rd handler 

2.2 

3.S 
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When necessary to control pH value, this can usually be done by adding sul- 
furic acid to the first stick liquor when strengthening, to bring its pH value down 
to a point between 4.7 and 5.0. When necessary to control tannin strengths, one 
merely has to vary the volume of stock liquor per unit of bated weight used 
in strengthening. The initial barkometer readings will range from about 3 to 14, 
but they will rise with use for the same tannin content according to the amounts of 
lime and other foreign materials brought into the section by the bated skins, and 
also according to the increase in ratio of non-tannins to tannin, which always occurs 
during tanning. The barkometer range may increase with time from 3 to 14 to 
12 to 18. 

After the first cleaning period, the order of the vats in the section will be as 
follows: A-0, B-1, C-2, D-3, E-4 and F-5 for the stick vats, and G-0, H-1, 1-2 
and J-3. The bated stock will go directly into B-1, then into C-2, etc., and the 
overflow vat will be A-0. Once a section is established, it will be found extremely 
simple to maintain it, especially if assisted by occasional analyses. 



IL J 

Courtesy A. F. Galhin & Sons Corp. 

Fig. 173. Hydraulic Pressing of Vegetable-tanned Calfskins to Remove Water 
Preparatory to Splitting and Shaving. 

The stock taken from the handler vats is not fully tanned, but is to be returned 
for retanning after splitting and shaving, all of which will be described in Chap- 
ter 14. After the pack is taken from the last handler vat, put it into a drum and 
rinse it by washing in running water for one minute, and then pile it back on a flat 
truck. 

At this stage, the stock contains about 75 percent by weight of water, which is 
too much for proper handling in splitting and shaving. It must be reduced to about 
50 percent. This means that the stock must be freed from about two-thirds of its 
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total water content. This is best done by pressing the water out of it. The skins 
are folded singly into neat squares and piled in a hydraulic press. The pressure is 
then applied and continued until water no longer exudes from the pile. This may 
require several hours, but the stock may safely be left in the press over night. 
In Fig. 173 a pile of vegetable-tanned calfskins may be seen in the hydraulic press 
in the left background. To the left of the press, a workman may be seen folding 
and piling skins for the next pressing. 

The liquor pressed from a pack of 1500 lbs. of stock amounts to about 90 gals, 
of good handler liquor. The press is equipped with a tank into which the liquor 
pressed from the stock is drained. It is finally emptied into overflow handler vats 
and represents a considerable saving in tannin. 

After pressing, the skins are tightly, packed and creased and must be opened 
up to be handled properly in splitting and shaving. This is done by putting them 
into a dry drum revolving at about 15 revolutions per minute. When the stock is 
opened up properly, it is removed from the drum and sent to the splitting room. 

Vegetable Tanning Pickled Calfskins 

One of the many advantages of pickling as described in Chapter 9 is that it 
will remove or greatly minimize salt stains. Pickled skins can ])e vegetable-tanned 
in much the same manner as Imted skins, but certain precautions must be taken or 
the stock will be ruined. Salt is used in pickling to prevent inordinate acid-swelling 
and gelatinization of the stock. If a pickled calfskin were suspended in the first 
stick liquor described above, the salt would diffuse out of it and into the liquor, 
but the salt concentration of the liquor would be too low to prevent acid-swelling 
and gelatinization of the skin. It would be completely ruined in a few hours. 

Pickled stock can be vegetable-tanned safely only when the tan licjuors con- 
tain enough salt to prevent the destructive acid-swelling until the stock is tanned 
to the point that it no longer swells in acid solution. In making up the stock 
liquor, it is important to avoid tanning materials that arc precipitated by acid and 
salt. Cutch and wattle are the two extracts most resistant to precipitation l)y acid 
and salt, but quebi'acho is readily precipitated and should not be used for the stick 
or handler liquors. The stock liquor for pickled stock may be made up exactly like 
that for bated stock, except for the substitution of wattle for quebracho on a tannin 
basis. 

Separate yards should be used for tanning bated and pickled stock, and their 
liquors should never be intermixed. The procedure given above for bated .stock 
can be used for pickled stock with the following changes : The stock liquor is 
made by dissolving 400 lbs. of solid cutch extract, 400 lbs, of solid wattle extract 
and 1000 lbs. of liquid spruce extract in water and diluting to 1500 gals, with 
water. In starting a section for the first time, follow the rule for l)atcd stock 
in making up both stick and handler liquors, but to vat No. A-1 add 1125 1])S. of 
salt, to vat No. B-2 900 lbs., to vat No. C-3 650 lbs., to vat No. D-4 560 lbs., to vat 
No. E-5 450 lbs., to vat No. G-1 75 lbs,, to vat No. 11-2 50 lbs. and to vat No. 1-3 
25 lbs. Add the salt after the stock licjuor in each vat lias been diluted with water, 
l,)ut before making up to final volume. Mix well until all the salt has dissolved and 
then make up to final volume. Mix well again, and the liquors are ready for use. 
Add no more salt until after the first cleaning of the section. With each forward 
movement of the stock, add stock liquor per 100 lbs. of pickled weight in the same 
amount as required per 100 ll)s. of bated weight for the bated stock. After the first 
stick liquor in vat No. A-1 has been run to the sewer and vat No. B-2 becomes the 
new first stick as vat No. B-1, before putting fresh pickled stock into it, take the 
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barkometer reading; if it is below 40°, add enough salt to raise it to 40°. Then put 
the new stock into it. In the same manner, take the barkometer reading of each vat 
in the section and add salt enough to bring the barkometer readings to those 
shown below : 


Vat 

° barkometer 

% tannin 

pH va! 

1st Stick 

40 

0.5 

2.7 

2nd stick 

32 

0.8 

3.0 

3rd stick 

28 

1.1 

3.2 

4th stick 

26 

1.4 

3.3 

5tli stick 

26 

1.6 

3.3 

1st handler 

26 

1.8 

3.3 

2nd handler 

26 

2.0 

3.3 

3rd handler 

26 

2.2 

3.3 


If the barkometer reading is above the value indicated, add no more salt. The 
pH values indicated are merely to serve as a guide, no pH control being necessary. 
The liquors should be analyzed for tannin occasionally and adjustments made in the 
amounts of stock liquor added per 100 lbs. of pickled weight. In weighing the stock 
for either bated weight or pickled weight, it should be allowed to drain under fixed 
conditions for a fixed length of time. In either the bated or the pickled condition, 
nearly 80 percent of the weight of stock represents water. The longer a pack is 
allowed to drain, the less it weighs, even though the total weight of leather-making 
protein does not change. Light skins will contain more water than heavier ones. 
Usually pickled stock will weigh less than bated stock for the same protein content. 
For efficient operation, the conditions immediately preceding the weighing of the 
stock should be fixed as rigidly as possible, and then the amounts of stock liquor 
to add to the vats in strengthening should be determined by comparing the 
occasional analyses with the tannin values for the different vats indicated above. 

Except for the differences indicated, the procedures for pickled stock are exactly 
like those for bated stock. For either type of stock, the plumpness and thickness 
of the final leather can be controlled by varying the proportion of cutch to wattle 
in the stock liquor for pickled stock, and of cutch to quebracho in the stock liquor 
for bated stock. As was pointed out in Chapter 10, cutch has a high fixation value, 
and both wattle and quebracho have low fixation values. When the demand for 
heavier types of calf leather is great, the thickness and weight can be increased 
by increasing the proportion of cutch. When lighter weights are in demand, it is 
not desirable to reduce the thickness by splitting, because this greatly lowers the 
strength and durability of the leather. Thinner leather of desirable strength can 
be obtained by increasing the proportion of wattle or of quebracho in the stock 
liquors. A cross-section of vegetable-tanned calf leather is shown in Fig. 174, 

Calfskins can be vegetable-tanned in a drum in less than one day by giving 
them a pretannage with Calgon, but this will be described in Chapter 13. 

Vegetable Tanning Sheepskins 

Most sheepskins arrive at the tannery in the pickled condition, having pre- 
viously been dewooled and bated. Sheepskins contain a large and very variable 
amount of natural grease which it is desirable to remove before tanning. There 
are many and varied methods of degreasing sheepskins, but one method will 
illustrate the principle involved, Tanners should be cautioned never to wash 
pickled stock with water alone, because just as soon as the salt is washed out 
of the skins, acid-swelling begins and the stock is destroyed by gelatinization. 
Being loose in structure, sheepskins are liable to damage from too severe mechanical 
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action. In drumming sheepskins, it is desirable to keep the speed below about 
12 revolutions per minute. One method of degreasing follows : 

Put a pack of 1000 lbs. of pickled sheepskins into a drum, start the drum 
running and add 200 lbs. of salt dissolved in 250 gals, of water at 100° F. Run 
10 minutes and add first 10 gals, of kerosene and then 2 gals, of sulfonated cod oil 



Fig. 174. Vertical Section of Vcgctablc-tanned Calf Leather. 

Location : butt. 

Thickne.ss of section: 40 microns, or 0.00158 inch. 

Magnificaticm : 75 diameters, 

and run 1 hour. Then drain the stock, pile on a hydraulic prCvSs, and |)ress until 
no more liquor drains off. Then put the pack back into the drum, start the drum 
running and add 200 ll)s. of salt dissolved in 250 gals, of water at 90° F. Run 30 
min. ; then dump the pack, pile flat on a truck, and send to 1>c tanned There are 
many commercial preparations on the market for degreasing*, and some tanners 
eliminate the pressing operation. Some accumulate the degreasing solutions and 
recover tlic extracted greases, kerosene and the salt liquors for reuse. 
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Fig. 175. Vertical Section of Vegetable-tanned Sheep Leather. 
Location: butt. 

Thickness of section: 30 microns, or 0 001 18 -inch. 
Magnification: 46 diameters. 
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Dissolve 325 lbs. of gambier extract, 120 lbs. of solid wattle extract and 50 lbs. 
of Leukanol (a synthetic tannin to be described in Chapter 13) in water to make a 
total volume of 250 gals, at 75° F. Put the pack of 1000 lbs. pickled weight of 
sheepskins into the drum, start it running and add 75 lbs. of salt in 125 gals, of water 
at 75° F. Run 5 min. and add 50 gals, of the above tan liquor. After running 
the drum for 10 min. longer, add another 50 gals.; 20 min. later, add another 50 
gals. ; 20 min. later, add the remaining 100 gals, and continue to run the drum until 
the time after the first addition of tan liquor is three hours. Then dump the pack, 
pile the skins on wooden horses and let stand over night. Next day, flesh the stock 
and put it back into the tanning drum and repeat exactly the tanning procedure of 
the day before. After dumping the pack, pile the skins on wooden horses, let stand 
over night again, reflesh and send to be colored and fatliquored. A cross-section 
of vegetable-tanned sheepskin, taken before finishing, is shown in Fig. 175. 

The possible variations of this procedure are almost limitless. Many different 
kinds of tanning materials may be used and each has its own effect upon the proper- 
ties of the final leather. Some tanners prefer to tan only in a single liquor, but 
the cuttings must be made to insure that the tannins have completely penetrated 
through all parts of the skins. When it is desired to make very plump leather, 
cutch extract may be used to advantage. 

Vegetable Tanning Hogskins 

Hogskins can be vegetable-tanned by either of the methods described for calf- 
skins by extending the time of tanning, if necessary, to insure complete penetration 
of the tannin. They can also be tanned by the method to be described later for sole 
leather. A very good method for most types of hogskins is to take skins that have 
been unhaired, bated and pickled by methods described in the earlier chapters and 
tan them in a drum. In order to avoid too violent action, it is best to have a drum 
about 7 feet in diameter and 7 feet wide, running at only 12 revolutions per minute. 
Although hogskins consist only of thermostat layer after unhairing and fleshing, 
they have a very dense structure into which the tannins may penetrate very .slowly, 
if not assisted by mechanical action. Different skins vary so much in thickness and 
in the ease with which the tannins may penetrate that the time rccpiired for com- 
plete penetration may vary greatly. Moreover, the penetration may not be uniform ; 
a cutting made during tanning may show complete penetration except for many 
isolated spots of raw skin throughout a skin. The skins should never be taken 
from the final tanning liquor until no i*aw spots show on any cutting. The skins 
naturally have a very coarse grain and its accentuation by drumming is much liked 
when the leather is to be used for saddles or for wallets. 

Put a pack of 1000 lbs. pickled weight of stock into the tanning drum, start it 
running, and add a mixture of 50 lbs. of Leukanol and 100 lbs. of salt in 120 gals, 
of water at 70° F. and run for 30 minutes. Dilute 300 lbs. of solid wattle extract 
with water to make 150 gals, at 70° F. Add 50 gals, of this liquor and run for 1 
hour. Then add 50 gals, more and run for another hour. Then add the remaining 
50 gals, and run for 2 hours longer. Allow the stock to remain in the drum over 
night, but have the drum run for 1 minute out of each hour during the night to 
guard against uneven coloring. Next morning haul out the stock, press it in a 
hydraulic press, wheel it to open up the skins and then split or shave it as may be 
required. 

Flave on hand a stock liquor of bisulfitcd quebracho extract containing 4 percent 
of tannin. Put the stock back into the drum and cover with this liquor. Run until 
the skins are completely struck through in all parts, but for not less than 2 hours. 
TIaul out the stock, pile it on trucks and let it stand over night. Then wash in 



Fig. 176. Vertical Section of Vegetable-tanned Hog Leather. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification : 46 diameters. 

Fig. 176 shows a cross-section of hogskin taken after vegetable-tanning, but 
before finishing. It looks as though it were .separated into two -pieces, but this 
is merely the effect of cutting the section in a plane containing the hair follicle. 
By referring back to Fig. 24 of Chapter 1, it will be recalled that only a part of 





322 


MODERN PRACTICE IN LEATHER MANUFACTURE 


the thermostat layer has a structure capable of conversion into leather, the remaining 
portion of the thermostat layer and all the reticular layer being made up of fatty 
tissues. The hair follicles thus pass completely through the leather. 



Vegetable Tanning Sole Leather 

Vastly more vegetable-tanned sole leather is produced than all other vegetable- 
tanned leathers cornliincd. The ten yards are divided into rocker vats and layaway 
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vats, or layers. The rocker vats correspond to the stick vats used in making calf 
leather and the layers to the handler vats. In making sole leather, hovrever, the 
vats are of necessity much larger and there are many more of them. 

Rocker Yard 

A typical rocker yard is made up of 10 sections of 20 vats each, or a total of 200 
vats. Each section is independent of the others. When a pack of hides is put into a 
vat, it remains there until ready to be removed from the section; only the liquor 
moves. Each vat is 9 feet long by 8 feet wide and 5 feet deep, measured from 
the overflow outlet, having a capacity of about 2700 gals. Each vat is equipped 
with a wooden frame for supporting the stock ; it is 7 ft., 10 in. long by 7 ft., 5 in. 
wide. At the midpoints of the length, on both sides, there are pivot pins which rest 
in the sockets in the sides of the vat, permitting the frame to rock, like a seesaw. 
The ends of the frame are either studded with pins, when sides are being tanned, 
or with grooves for holding the ends of poles, when whole hides are being tanned. 
To one end of each frame is attached a wooden shaft whose other end is operated 
by a rotating cam, which causes the frame to rock at the rate of 10 cycles per 
minute. The frame is rocked continuously. 



Fig. 178. Showing Arrangement of Vats in a 20-Rocker Section. Letters represent 
permanent designations of vats and numbers the order of increasing strength of 
liquors, which move in directions indicated by arrows. 


When the stock is tanned as sides, it is customary to split the hides into sides 
either just before or after unhairing. This is done by placing the hide over a 
splitting horse like that shown in Fig. 177. The hide is placed over the horse so 
that its backbone line is directly over the groove running the length of the horse. 
With a sharp knife, a workman cuts the hide into two sides along the line of the 
backbone, using the groove as a guide. At the same time two holes are punched in 
each side 7 feet apart knd about one-half inch from the backbone edge. 

When the sides are hung into the liquor, leather straps with copper hooks at 
one end are used, having an overall length of 5 inches. A workman at each end 
takes a side, puts the hook through the hole in the side and then slips the loop of 
the leather strap over a pin in the end of the frame. 

When whole hides are being tanned, each hide is hung over a pole, along the 


line of the backbone, and the pole is placed with its ends set in grooves at the 
ends of the frames. The sides or hides are hung on the frame in a row with the 
directions, head to tail, alternating. When whole hides are being tanned over poles, 
sometimes double poles are used, one being suspended from the other. Then a hide 
is hung over the lower pole and a second hide over the upper pole and flanking both 
sides of the lower pole. In this way, nearly twice as many hides can be hung in a vat. 
The general arrangement of a rocker section is shown in Fig. 178. The following 
description is for a section receiving daily 58 whole hides or 116 sides weighing 
3480 lbs. after deliming and bating. 


The letters are permanent designations of the vats and do not change. 
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numbers are temporary designations of the liquors and change each working day. 
No. 20 is the strongest liquor. It is called head-rocker liquor. No. 1 is the most 
nearly exhausted liquor. It is called the tail-rocker liquor. The head-rocker liquor 
is made up each working day by taking all of the previous head-rocker liquor and 
adding to it waste liquor from the layers and enough fresh extract-liquor to make 
a liquor of 6 percent tannin. 

The arrows show the direction of movement of: the liquor through the section on 
one particular day. Between vat A and vat B, there is a pump log with an opening- 
leading from the bottom of vat A to the top of vat B. A similar pump log is 
placed between each successive pair of vats in the direction of the arrows, each 
leading from the bottom of one vat to the top of the next vat in the series. There 
is also a pump log leading from the bottom of vat T to the top of vat A, completing 
the cycle. Each vat is also equipped with a bottom outlet and also an outlet at the 
normal liquor level to the sewer. All outlets can be closed. In the setup as shown 
in Fig. 178, the outlet from vat T to vat A is closed and the top outlet from vat T 
to the sewer is open. 

The liquor in vat A-2() has a tannin strength of 6 percent and a pH value of 
3.50. The liquor in vat T-1 has a tannin strength of 0.3 percent and a pH value of 
5.00; it has passed over 20 lots of hides and has become practically exhausted. On 
the next working day, the liidcs are taken out of vat A-20 and its liquor is putnped 
to a mixing tank where it receives its proportionate share of waste liquor from the 
layers and enough fresh extract Ii(iuor to increase its volume by one-half and to 
give it a tannin content of 6 percent. The emptied vat A becomes the new tail 
rocker, A-1. The outlet from vat T to the sewer is closed and the outlet from the 
bottom of vat T to the top of vat A is opened. The outlet from the bottom of vat 
A to the top of vat B is closed. The overflow outlet from vat A to the sewer is 
opened. Then the new liquor is run onto vat B, causing a flow of liquors from 
vat B through C, D, E, etc. around to vat A, which becomes the new tail. After 
vat A becomes filled, waste liquor will overflow to the sewer in amount equal that 
of the increase in volume added to that used to run onto vat B. The new order of 
increasing strength of liquors in the section is now as follows: A-1, T-2, S-3, K-4, 
Q-5, P-6, 0-7, N-8, M-9, L-IO, K-11, J-12, T-13, 11-14, G-15, F-16, E-17, D-IH, C-I9 
and B-20. The fresh pack of hides from the bate is hung into vat A-l. 

On the next working day, the .stock in vat B-20 is hauled out and its lic|uor is 
pumped to the mixing tank where it receives the daily waste liquor from the layers 
and enough fresh extract to increase its volume by one-half and to give it a tannin 
content of 6 percent. The emptied vat B becomes the new tail rocker, B-1. The 
outlet from vat A to the sewer is closed and the outlet from the bottom of vat A 
to the top of vat B is opened. The outlet from the bottom of vat B to the top of 
vat C is closed. The overflow outlet from vat B to the sewer is opened. Then the 
new liquor is run onto vat C, causing a flow of liquors from vat C through D, If, 
F, etc. around to vat B, which becomes the new tail. After vat B becomes filled, 
waste liquor will overflow to the sewer in amount equal to that of the increase in 
volume to that used to run onto vat C. The new order of increasing strength of 
liquors in the section is now as follows: B-1, A-2, T-3, S-4, R-5, Q-6, P-7, 0-8, 
N-9, M-IO, L-11, K-12, J-13, 1-14, H-15, G-16, F-17, E-18, D-19 and C-20. The 
fresh pack of hides from the bate is hung into vat B-1. 

By a simple, daily repetition of this procedure, it will be seen that each working 
day, a pack of hides is withdrawn from the 20th liquor. This liquor is then 
j)uniped to the mixing tank and increased in volume by one-half by adding waste 
Hfjuor from the layers and fresh extract to make a new liciuor of 6 percent tannin, 
which is rim onto what was the 19th liquor. The liquors tlicn /’rcss over from one 
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vat to anothei’ until what was the head-rocker vat becomes filled with the most 
exhausted liquor and receives the fresh pack of hides from the bate. A fresh pack 
of hides hung into a tail liquor remains in the same vat for 20 working days, 
receiving the next stronger liquor each day until it is ready to be withdrawn from 
the vat. Each working day one-half of a vat of tail liquor is run to the sewer. 

The liquor of 6 percent tannin which is run onto the new head rocker each 
working day is gradually pressed down through the system until finally wasted in 
the overflow from the tail liquor to the sewer. By the time it becomes a tail liquor, 
its tannin content has dropped to about 0.3 percent. The tannin percentages given 
are those found by the official method, which is still in use in most tanneries. This 
method always gives results that are too high ; actually, a waste tan liquor showing 
0.3 percent tannin by the official method contains less than 0.1 percent of true 
tannin, and so the waste is practically negligible. 

If the total number of hides hung into each vat is the same, but their weight 
varies, the tannin requirements will vary because they are determined by the weight 
of the hides. It is desirable to record the bated weight of each pack entering a 
section, and to base the amount of tannin extract to add to the new head rocker 
upon the weight of each new pack entering the section. This can best be determined 
by experience in each individual tannery, but a satisfactory start can be made 
simply by following the rule of having the head liquor contain 6 percent of tannin. 

After the average amount of tannin per 100 lbs. bated weight to be added to 
the head rocker has been determined, frequent analyses of the tail liquors should be 
made. If the amount of tannin found drops below 0.3 percent, the addition of 
tannin should be increased ; if it rises above 0.3 percent, it should be decreased. A 
partial control is also possible by regulating the daily volume of overflow tail 
liquor to the sewer, which can be done by regulating the increased volume added 
to the head liquor in strengthening. 

If the tanning extract mixture contains equal parts on tannin basis of cutch, 
chestnut and bisulfited quebracho extracts, a control over rate of penetration of 
tannin into the stock and of plumpness and yield of leather is made possible by 
varying the proportion of cutch to quebracho. By increasing the proportion of 
quebracho, the speed of penetration is increased, but the plumpness and yield are 
decreased. Conversely, increasing the proportion of cutch decreases the rate of 
penetration, but increases the plumpness and yield. 

Upon coming from the head rocker, the hides are piled flat and allowed to 
remain over night. They are then sent to the layer vats for further tanning. At 
this point, the hides will generally be completely penetrated by tannin, but the 
increased tanning time results in a further fixation of tannin by the hide protein, 
which results in plumper and firmer leather, which is desired for sole leather. 

Layer Yard 

For the rocker yard just described, the layer yard is made up of 10 sections 
of 21 vats each, or a total of 210 vats. These vats are of the same size and shape as 
the rocker vats. A typical section is shown in Fig. 179. A layer section is really 
made up of 7 smaller sections of 3 vats each. Each smaller section is designated by 
a letter and each vat in it by a number. The liquors in all 21 vats are made up 
before receiving a new pack of leather to contain 6 percent tannin. A pack from 
the rocker section is put into any one of the first layer vats (A-1 to G-1) and 
remains there for 7 working days. It is then moved over into the second layer 
vat of the same smaller section, where it remains for 7 more working days. It is 
then moved over into the third layer vat of the same smaller section, where it- 
remains for 7 more working days. It is then hauled out of the layer section. 
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Each layer or rocker vat has a total capacity of about 2700 gals., of which about 
400 gals, is occupied by hides and about 2300 gals, by liquor. On a typical working 
day, the pack of hides in vat No. A-3 is hauled out of the section after having been 
for 7 working days in vat No. A~l, followed by 7 working days in vat No. A-2 and 
then 7 working days in vat No. A-3. Assuming that the pack has taken out enough 
tannin to reduce the strength of the remaining 2300 gals, of liquor in vat No. A-3 
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Fig. 179. 

Showing Arrangement of 
Vats in a 21 -Layer Section. Let- 
ters represent subsections and 
numbers order of movement of 
hides through subsection. 


from 6 to 5 percent, run 300 gals, of used liquor from vat No. A-3 to the rocker 
mixing tank and then add 300 gals, of fresh extract liquor of 12 percent tannin, and 
mix well. Vat No. A-3 will now contain 2300 gals, of liquor of 6 percent tannin. 
Take the hides, one by one, from vat No. A-2 and throw them into vat No. A-3 so 
that they lie flat in a pile. 

Assuming that the 2300 gals, of liquor left in vat No. A-2 has also had its tannin 
content reduced from 6 to 5 percent tannin, run 300 gals, to the rocker mixing tank 
and then add 300 gals, of fresh extract liquor of 12 percent tannin and mix well 
Vat No. A-2 will now contain 2300 gals, of liquor of 6 percent tannin. Take the 
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hides, one by one, from vat No. A-1 and throw them into vat No. A-2 so that they 
lie flat in a pile. 

Assuming that the 2300 gals, of liquor left in vat No. A-1 has also had its 
tannin content reduced from 6 to 5 percent tannin, run 300 gals, to the rocker 
mixing tank and then add 300 gals, of fresh extract liquor of 12 percent tannin 
and mix well. Vat No. A-1 will now contain 2300 gals, of liquor of 6 percent 
tannin. Take the pack of hides coming from the rocker section and throw 'chein, 
one by one, into vat No. A-1 so that they lie flat in a pile. 

On the next working day, haul the pack out of vat No. B-3 and repeat for sub- 
section B exactly what was done with subsection A on the day before, putting the 
new pack from the rocker section into vat No. B-1. Each working day, the next 
subsection in order is handled in the same way through subsection G, after which 
subsection A is taken again, making the entire procedure continuous. 

Each working day, the rocker mixing tank receives 900 gals, of waste layer 
liquor of 5 percent tannin and 2300 gals, of head-rocker liquor of about 5.8 percent 
tannin. To this is added about 142 gals, of fresh extract liquor of 12 percent 
tannin and about 108 gals, water to make a total of 3450 gals, of new head-rocker 
liquor of 6 percent tannin, which is added to the new head-rocker liquor, causing 
1150 gals, of tail-rocker liquor to waste to the sewer. 

After the pack is hauled out of the third layer, it is sufficiently well tanned to 
make good harness or strap leather, but in making sole leather, it is usually desired 
to do everything possible to increase the plumpness, solidity and yield of the leather 
and to incorporate into it properties particularly valuable in leather used for the 
soles of shoes. Since the subsequent operations are peculiar to sole leather, the 
description of them will be given in Chapter 18. 

The procedure described above for the operation of the rocker and layer sec- 
tions is relatively very simple when only well delimed and bated stock is tanned and 
when the tanning mixture consists of equal parts on tannin basis of bisulfited que- 
bracho, cutch and chestnut extracts. Because the lime content of the bated stock 
is uniformly low and the natural pH value of the head rocker liquor is about 3.50, 
very little has to be done to control the pH value. In the routine operation of the 
yards, it will be found that the pH value of the tail liquor is about 5.0 and that it 
drops gradually to 3.5 as the head liquor is approached. If enough lime should 
be carried over to raise the pH value of the tail liquor above 5.0, acid should be 
added to it to keep it between 5.0 and 4.7. Although lactic acid is generally pre- 
ferred for this, the writer has demonstrated that the much cheaper sulfuric acid 
can be used for this purpose with perfect satisfaction, since it is used only to 
neutralize a relatively small amount of lime in liquors nearly exhausted. The 
speed of the tanning increases rapidly with increase in temperature. It is important 
never to allow the temperature of the liquors to fall below 70° F. This can usually 
be taken care of by never allowing the temperature of the air in the yards to fall 
below 70° F. 

If the average weight of a pack entering the rocker vats is greater than 3500 
lbs. bated weight, more tannin will be required and this is easily provided by 
increasing the volume of liquor of 6 percent tannin put onto the new head-rocker 
liquor, allowing a corresponding increase in volume of exhausted tail liquor to 
run to the sewer. A good plan to start with is to put one gallon of liquor of 6 
percent tannin onto the head rocker for each pound of bated weight of stock enter- 
ing the tail rocker. Since approximately two-thirds of the liquor run onto the new 
head rocker came from the previous head rocker, it means only one-third gallon 
of new 6 percent liquor to be added to the section for each pound of bated weight 
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entering- the section. Increasing- the size of the packs must be done cautiously 
because crowding the vats may cause discolorations, low yields and flat leather. 
Merely increasing the amount of tannin added will not compensate for crowding. 

Since the official method of tannin analysis is used almost universally in 
American tanneries, all percentages of. tannin referred to in this chapter mean 
tannin as determined by the official method. In Table 28 of Chapter 10, values are 
given for the true tannin corresponding to tannin as determined by the official 
method for various pure extracts. A gallon of liquor of 6 percent tannin by the 
official method, when made from equal parts on tannin basis of quebracho, 
chestnut and cutch extracts, would contain 0.5 lb, tannin by official method, but only 
0.35 lb. true tannin. Thus for each pound bated weight of stock entering a section, 
the section would receive about 0.113 pound of true tannin. The calculations for 
other tanning extracts can be made from the values given in Table 28. It should 
be remembered, however, that the values given in Table 28 are for the pure extracts 
only. With used liquors, the error in the determination of tannin by the official 
method is much greater than for pure extracts. 

Once the system is established, the amount of 6 percent tan licjuor added to the 
head rocker per unit of bated weight entering the tail rocker should be adjusted so 
that the tail liquor run to the sewer will contain 0.3 percent tannin l.)y analysis. The 
rocker liquors also must ultimately be adjusted by analysis, although a start can 
be made simply by following the procedure as given. 

Probably most sole-leather tanners do not use the simple mi.xturc of tanning 
extracts described, but mixtures much more complex and containing also their own 
leachings of raw materials. In many sole-leather tanneries, the stock entering 
the tail rockers is still much plumped by lime and the rocker liquors must of neces- 
sity perform the function of deliming. In order to do this, they must contain suffi- 
cient quantities of acid, which is usually provided by adding sour liciuors made from 
myrobalans or divi-divi to the head-rocker liquor. Often the raw materials are 
ground and extracted in the leach house to produce strong litiuors ; and these are 
allowed to ferment with the formation of large amounts of organic acids. In the 
case of well delinied stock, the optimum pi I range of the licpiors is from S.OO in the 
tail rocker, dropping very gradually to 3.50 in the. head rocken*. For stock not 
delinied at all, the pH values must be much lower, and may range from 3.8 in the 
tail liquor to a point below 3.0 in the head rocker. For stock well <lclimed, such pH 
values result in destruction of the stock by acid swelling. In well delinied stock, 
the acid penetrates into the hides much more rapidly than do the tannins, and 
causes inordinate swelling of the untanned interior portions of the hides. 

In the case of stock still plumped by lime when in the rocker litjiiors, the acid 
is neutralized by lime ju.st as soon as it starts to penetrate, and penetration hy the 
tannin is speeded up l)y the alkaline condition of the stock. Tlic result is that 
acid and tannin penetrate at almost the same rate, and the interior of the hides 
remains alkaline until tlie tannin reaches it and converts it into leather, which does 
not swell inordinately in contact with the acid liquors. 

To one not intimately familiar with the routine o])cration of such a yard, this 
procedure is actually a very hazardous one; however, some tanneries have used it 
lor many years and have gained a high reputation for producing unusually jilump 
leather of high (juality. Once a tanner has brought his whole system into a state 
of balance and determined the oi)timum i)H values for his rocker li(iuors, he main- 
tains these values by increasing or decreasing the proportion of acid tan liquor 
added to the head-rocker liciuor based on his pH measurements, adding more when 
the pH value is high and less when it is low. The writer has examined hides that 
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had been in such liquors for more than a week and has found the untanned por- 
tions of the hide very strongly alkaline while the liquors in which the hides were 
hanging was very strongly acid. An interesting experience of a tanner operating 
such a yard illustrates one of its hazards. He became interested in trying to 
improve the grain of his leather by bating it properly and acquired the services of 
a man expert in bating. When this stock was put into the rockers, acid swelling 
set in and the stock was completely destroyed by acid swelling in a few days. The 
same kind of destruction would occur when pickled stock is being vegetable tanned, 
if liquors containing no salt were used. If the tanner who puts stock plumped with 
lime into his rocker liquors were to omit the addition of acid liquors, the rocker 
liquors would become alkaline and his leather would become badly discolored and 
of low quality and yield. Between the extremes of no deliming at all and complete 
deliming of the stock entering the rocker liquors, the yards must be operated on a 
correspondingly different basis of pH control of the individual liquors. 
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Fig. 180. Typical Tannery Bark Mill. 

When hanging sides into rocker vats according to the procedure described 
above, it is desirable to have the vat completely filled with liquor both before they 
are hung in and while they are being taken out, to prevent ba^gging of the sides, 
which becomes permanent upon tanning. After all the sides are in place, it is a 
safeguard to pass a stick between each pair to separate them ; otherwise the tannin 
may not immediately color areas that are in contact, and such areas may remain 
lighter in color than the area as a whole, even after the leather has been finished. 
Such areas are known as kiss spots. The frames are rocked continuously in order 
to keep liquor flowing over the areas to prevent touching and kiss spots. The 
rocking motion does not speed up the tanning measurably. 
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Some tanners have as few as 8 vats in a rocker section and use many more 
layer vats. In some tanneries, the layer sections are very elaborate and the stock 
may remain in the liquors for several months. Other tanners use no layers at all, 
but take the stock from the rocker vats, even before being completely penetrated by 
tannin, and complete the tanning in a drum. 

The Leach House 

In many sole leather tanneries, the leach house contains a very elaborate system 
of bark grinders, leaching tanks, mixing tanks, storage tanks and pumps. Fig. 180 
shows a typical bark mill- The bark, or other raw material, is fed into it through a 
hopper and meets a series of sharp, rotating knives, which cut it up into pieces 
fine enough to be leached readily with hot water. Operating at a speed of 550 
r. p. m. with 35 horsepower, it is capable of grinding 3 cords of bark per hour. 

Practically all the tanks in the leach house are built of either cypress, fir, or 
California redwood. In leaching the ground raw material in a tank, it is placed 
on a false bottom, like that shown in Fig. 181. For proper leaching^, it is essential 
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Fig. 181. Typical False Bottom U.secl in Tannery I.eaching Tanks. 


to have the ground material evenly distributed over the false ].)Ottom, and for that 
purpose also the leach-ca.sting machine is used. 

Phg. 182 shows a battery of leaching tanks with a leach-casting machine set on 
tracks rumiiiig over the tops of the tank.s, the machine being so equipped tliat it 
can readily be moved from one tank to another. The leach-cavSting machine is 
put in place whenever a tank is l)eing lilled with the raw, ground, tanning material. 
It is run while the material is being dumped onto the false bottom through an 
opening in the top of the tank and it distributes the material evenly over the false 
bottom. By having the tops of the tanks covered, the dust which contains much 
tannin is kept inside the tank. Fig. 183 shows the leach casting machine in 
greater detail. When the spent bark is to l)e removed, the machine sweeps it up 
and permits it to be removed while still hot, thus facilitating it.s drying before being 
put under the l)oilcrs as fuel. 
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The number and sizes of tlie tanks in a leach house is determined of course hv 
the size and requirements of the tannery and by the number nf 

riotrih "hf rdteioie":rdSs? 

by ^0 feet high, having a capacity of more than 50,000 gals each From thic 
extreme, there are all sizes down to several hundred gallons each ' 

In leaching raw materials, the number of tanks required depends upon the nm 
portion of water to raw material used in each tank. When the propoS ot waS 
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number of extractions required to reach this point represents the number of tanks 
required for leaching. 

When the number is 8, they are set up as a battery equipped with a pump for 
transferring the liquor from one tank to another. Since contact with iron must 
be avoided, the pump and all piping must be made of brass. A typical tan-liquor 
pump is shown in Fig. 185. In starting a battery, tank No. 1 is given its charge 
of ground raw material (about one-quarter of the volume of the tank). The false 
bottom is placed in the tank to a depth of about one-half. The raw material is placed 
on it. Below the false bottom is placed the heating coil and above it the rotary 
arms of the leach-casting machine, which keeps the raw material evenly distributed 



over the false bottom and assists the extraction by mechanical agitation. The 
tank is filled with water at 180° F., and this temperature is maintained by the 
heating coil. Next day, tank No. 2 is given its charge of raw material and the 
liquor from tank No. 1 is pumped onto it. Then fresh water is run into 
tank No. 1 and then extraction is continued. On the next day, tank No. 3 is given 
its charge of raw material and the liquor from tank No. 2 is pumped onto it, the 
liquor from tank No. 1 is pumped into tank No. 2 and fresh water is run into 
tank No. 1. On each successive day, fresh raw material is put into the tank one 
higher in number than the last previous one receiving fresh raw material, and it 
receives the liquor from that last previous one. On the day after tank No. 8 has 
been charged with fresh raw material and received the liquor from tank No. 7, 
the liquor is run to the storage tank. Then the spent material in tank No. 1 is 
discarded after its liquor has been pumped to tank No. 2. Then tank No. 1 is 
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charged with fresh raw material and it receives the second liquor from tank No. 8. 
The cycle is thus continuous. 

Each working" day, the liquor that has passed over 8 charges of material is 
pumped to the storage tank and the spent material that has been extracted 8 times 
is discarded, its tank then being charged with fresh raw material. 

In order to minimize oxidation, it is desirable to cool the strong liquor 
before running it to the storage tank. This can be done by pumping the liquor 
first over brass coils containing running cold water set in a tank like that shown 
in Fig. 186 and then on to the storage tank. The same equipment can be used to heat 
yard liquors, in which case steam is turned into the copper coils. 
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Fig. 185, Brass Rotary Belt Pump Used for Pumping Vegetable- tan Liquors. 

If myrobalans, divi-divi or valonia is extracted to get acid liquors to control 
the pH values of the rocker liquors, fermentation is allowed to proceed in the 
storage tank, which can be followed by periodic determinations of pH value, 
which decreases with increasing formation of acid. Such liquors are used to 
regulate the pH values of the rocker liquors to tlie values "found best for the condi- 
tions of the individual tannery. The amount of liquor added to the head-rocker vat 
is increased when it is desired to lower the pH values of the rocker liquors and 
decreased when it is desired to raise them. 






When tanning extracts are being dissolved, it is necessary to use only a single 
tank equipped with a copper heating coil and with a stirring device consisting o£ 
long bladed arms rotating in a horizontal plane about a vertical shaft. 

The bisulfiting of quebracho extract has already been described in Chapter 10. 
When cutch is used with quebracho in the yard liquors, it is desirable to mix both 
together and then to bisulfite the mixture exactly as for quebracho alone, using 
5 lbs. of sodium bisulfite for each 100 lbs. of total solids in the mixture. 


186. Tan 
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It is customary to have at least one larg-e storage tank for each kind of tanning 
material. Liquors extracted directly from raw materials are not diluted for storage, 
but solid and liquid extracts are usually dissolved in water at 180® F. and then 
cooled and diluted to a gravity of about 25° Baume for storing. Storage tanks are 
provided also for the mixtures to be used in the layer and rocker vats. It is also 
customary to have mixing tanks wherein head rocker liquors, layer liquors and 
extract liquors can be mixed quickly for running to the vats. 

Dilutions are usually adjusted by gravity measurements made with hydrom- 
eters with the Baume, Twaddell or barkometer scales, but the tannin content in 
relation to gravity should always be known by the tanner. Since the relation of 
tanning content to specific gravity is different for each tanning material and 
mixture and for used yard liquors, the tanner should secure these relations for his 
own set of conditions. 

Some tanners use only prepared extracts for tanning; for them the control of 
the leach house is a very simple matter. But many tanners leach raw material 
to lower the cost of their tanning materials. They may be located close to the 
sources of certain raw material or they may hnd a market for the spent tanning 
material; it has been possible in some localities to sell the spent oak bark for more 
than the cost of the raw bark. When they want myrobalans or other raw material 
primarily for the production of acid, they usually find it chca|.)er to buy the raw 
materials. Sometimes they use raw materials in order to get certain color effects 
in the leather. However, raw barks sometimes become infected with mold growths 
that produce unnatural developments of acid, which may upset the balance of a 
tan yard. 

Guarding Against Acid Swelling 

If a raw hide is immersed in a pure solution of acid of pH value less than 
S.O, it swells by absorbing water and becomes distorted l)ecause of the resistance 
to swelling of the elastin fibers in the grain layer. The vigor of this acid swelling 
increases at a rapid rate as the pH value is reduced from 5.0 to 2.4, the point of 
maximum swelling. Immediately after the swadling lias taken place, if salt is added 
to the liquor in amounts greater than 4 oz. per gal., the swelling sulisicles. If a 
hide is allowed to remain in a highly swollen condition, it gradually gelatinizes 
and is destroyed. 

During rainy weather, when l)ark is stored in open sheds, there is great danger 
of mold infection, and the ])ark may become coated with yellow incrustations of mold. 
The.se molds act upon the bark, producing considerable (piantitics of acids. Even 
the liquors obtained from the leaching of the hark continue to sour very rapidly 
when used in the yard liquors. Years ago, this type of acid fermentation ended 
in tragedy for a nurnl)cr of tanners to the writer\s knowledge. To illustrate, in 
one case a tanner of harness leather was obtaining hemlock bark from a local source 
and leaching it himself to obtain bis tanning li(juors. I le had operated in the 
same way for many years and had always produced a leather of high quality. One 
day he observed that the tannin was not penetrating* with the usual speed into the 
hides. Several days later, upon making cuttings of the leallier, he noted that 
the raw middle layer did not have the usual whiteness of a[)pcarance, hut was 
glassy and translucent. A week later, the middle layers of all the stock in the yard 
had ])ecomc like jelly and tlu* tanned grain and Ile.sh layers could he pulled apart. 
The same thing happened to any fresh .stock put into the yard. It was not long 
before every hide in the yard was comi)lclely ruined. In clesi)erati()n, he emptied 
the yard and made up series of entirely new liquors, but ag<ain the stock put into 
them was ruined and so was the tanner, who went into l)aiikruptcy. 
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This and other cases like it occurred before pH control became the rule in 
every tannery. However, the writer has been called in to save tanneries where 
this acid fermentation had gained a foothold, even though pH values were being 
measured daily. In the first tannery mentioned, it had been observed that a sour 
odor in the yards was very strong when the tragedy occurred; in the later cases, 
it had been observed that the pH values of the liquors had dropped from a range of 
5.0 to 3.7 to a range of 4.5 to 3,0. An attempt had been made to neutralize the 
excess acid by adding soda ash to the liquors to raise the pH values to normal, 
but next day, the acid condition would be as bad as ever. The writer did the one 
obvious thing as an emergency measure in such cases, and that was to add to each 
liquor containing stock not yet fully penetrated by tannin 25 lbs. of salt to each 
100 gals. In each case, all the stock was saved. This served as a temporary 
expedient until the moldy bark was disposed of, and once the liquors were again 
put in sweet condition, the use of salt was discontinued. 

Some acid fermentation takes place in most liquors, but if the amount of acid 
formed is not greatly in excess of that required to neutralize the lime in the stock, 
no damage will be done. 

These illustrations and all that they imply should be studied in greatest detail 
by all tanners who do not delime their stock but rely on acids formed by fermenting 
myrobalans to take care of the lime. They have an enormous advantage over 
the old tanner in pH control and systematic analyses, but they should remember 
that they are operating their liquors at pH values so low that destructive acid 
swelling of the stock would occur quickly, if it were not for the lime present in 
the stock. Although they might operate for many years without any trouble, they 
should resort to the use of salt when it does appear, but only as an emergency 
measure, to be discontinued after the trouble has been eliminated. 

The writer believes that those tanners who properly delime and bate their 
stock and graduate the pH values of the rocker liquors from 5.0 in the tail to 3.5 
in the head, without ever resorting to lower pH values to neutralize lime, have 
a better chance for survival. 

Rapid Tanning of Sole Leather 

Years ago, some tanners took more, than a year to tan heavy steer hides for 
sole leather. With the advent of concentrated extracts and pH control, this time 
has been shortened to a few months. However, there are a few modern tanners who 
have reduced the tanning time considerably by replacing the rocker vats by 
tanning drums. If bated hides are drummed directly with tan liquor, they become 
so rough and broken up as to be unsalable. However, if they are first sufficiently 
penetrated by tannin in the rocker liquors, they may be given a mild drumming with 
safety. In one comparative test, the writer found that drumming stock with tan 
liquor for only 14 hours was equivalent to tanning it for 6 weeks in the layer vats. 

For the drum tanning of sole leather, a drum 7 feet in diameter by 7 feet wide 
is used, which revolves at 12 revolutions per minute with a load of 1700 lbs. of 
wet leather. If the stock coming from the head rockers has not already been cut 
into sides, this is done and lots of 1700 lbs. each are made up. A lot is put 
into a di'um and covered with 190 gals, of liquor of 12 percent tannin (made from 
equal parts on tannin basis of chestnut extract, bisulfited quebracho extract, and 
bisulfited cutch extract) at 70° F. The drum is run continuously for 12 hours, the 
stock is taken out and piled on a truck for 48 hours and the used liquor is run to a 
storage mixing tank. The stock on the truck is carefully covered to minimize 
oxidation and drying. 
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After being piled for 48 hours, the pack is put into a drum, covered with 500 
gals, of water at 80 F. and run for one hour. It is then piled on a truck and the 
liquor is run to the storage mixing tanks. The liquors from both treatments run 
to this storage mixing tank are built up with fresh extract solutions to make a new 
stock liquor of 12 percent tannin. The stock on the truck is then moved on and 
treated exactly as though it had come from a layer section. The further treatments 
will be described in Chapter 18. 

Vegetable Tanning Pickled Steer Hides 

Although the writer has made some excellent sole leather from pickled steer 
hides, he knows of no tanner at the time of this writing that is pickling stock 
for tannage into sole leather. This is probably due to lack of familiarity with 
the procedure rather than any objection to it. Pickling calfskins for vegetable- 
tanning is a well-established procedure and the value of the leather has been 
proved over many years to be fully as good as that tanned directly from bated 
stock. Pickling has the advantage of eliminating salt stains and other iron stains. 
It permits full and proper bating of the stock without danger of upsetting the 
balance of the tan yards. It does away entirely with the use of acid-forming 
materials, such as myrobalans, in the head-rocker mixture. When it is desired to 
run the beamhouse ahead of the tan yards, this can be done because the pickled 
stock can safely be kept at a temperature of 60° F. for at least two years. If 
desired, the stock can be graded out of the pickle, and only the stock l)est suited 
for sole leather need be used for that purpose. The remaining stock can be split 
in the pickled state, if desired, and tanned as readily with chrome as with vege- 
table tanning materials, if that be desired. It has the enormous advantage of 
bringing all stock into the same physical .state. The only precaution that must be 
taken is to maintain a salt concentration of about 3 per cent in the rocker liquors 
and in other liquors until the stock has been completely penetrated by tannin, after 
which the precaution is no longer necessary. In addition, those tanning materials 
must be avoided that are readily precipitated by acid and salt. 

As tanning material, equal parts on tannin basis of cutch, wattle and chestnut 
can l)c used. There are availal)le specially treated qucbraclio extracts, resistant 
to precipitation by acids and salt ; these can he used. 

The method of pickling described in Chapter 9 is used. For vei*y heavy steer 
hides, precautions must be taken to be sui-e that the stock is pickled to eciuilibrium, 
but the regular overnight pickling is usually sufficient to take care of this. The 
method of tanning in the rockers is exactly the same as that dcscri])e(l for l)ated 
stock except for the replacemexit of quebracho by wattle and the requirement that 
each 100 gals, of rocker liquor contain 25 lbs. of salt. In starting the system, salt 
must be added to each liquor, but, after that, it is necessary merely to add 25 lbs. 
of salt to each 100 gals, of new liquor entering the section. For example, in mak- 
ing up the new head rocker liquor daily, when 2300 gals, of the previous head- 
rocker liquor is augmented by 1150 gals, of new liquor, only 287i lbs. of salt would 
be added to take care of the 1150 gals, of new liquor. Twenty working days in the 
rocker li(]nors should be sufficient for complete penetration by tannin. If it is, the 
stock can go right into the layer system or into the drum for rapid Winning. If it 
is not struck through, upon coming from the head rocker, as a safeguard for one 
not familiar with the tanning of pickled stock, it would be best to keep it in a vat 
filled with liquor of the same composition, including salt, as that of the head 
rocker. 

In vegetable-tanning pickled steer hides, the tanner should be cautioned that 
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Fig. 187. Vertical Section of Vegetable-tanned Steer Hide for Sole Leather. 


Location : butt. 

Thickness of section: 40 microns, or 0.00158 inch. 
Magnification: 15 diameters. 
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excessive percentages of sulfuric acid left in vegetable-tanned leather cause deteri- 
oration of the leather upon aging. The process for tanning pickled calfskins 
described above leaves in the finished leather about 0.6 percent sulfuric acid, or 
about 1.4 percent on the hide-substance basis. This amount causes no deterioration 
after aging for more than twenty years, and probably none after any length of 
time. However, when the content of sulfuric acid is increased above 4 percent, or 
about 9 percent on hide-substance basis, the leather deteriorates with time. 

Bowker showed that sole leather tanned with quebracho alone does not deteri- 
orate with time unless the sulfuric-acid content exceeds 3 percent, or about 6.5 
percent on the hide-substance basis, but that leather tanned with chestnut alone 
may begin to deteriorate when the sulfuric acid exceeds only 1.5 percent, or about 
3.4 percent on the hide-substance basis. When the stock comes out of the pickle, 
it contains about 6.5 percent sulfuric acid on hide-substance basis, but over 80 
percent of this is usually lost in the rockers and passes to the sewer. 

For the tanner who uses reasonable care in the manufacture of his leather, there 
is practically no danger of getting too much sulfuric acid into his leather, but he 
should be acquainted with the facts and have occasional analyses of his leather made 
as a safeguard. The greater sensitivity of leather tanned with chestnut to acid 
deterioration may be due to its content of gallic acid, which apparently is destruc- 
tive and does not appear in a determination of sulfuric acid. The danger of acid 
deterioration can be lessened by decreasing the proportion of chestnut used or ])y 
eliminating it entirely. If the pH value of the leather as determined by the pro- 
visional method of the A. L. C. A. is greater than 3.0, the leather can be considered 
safe against acid deterioration. This determination includes the effect cjf gallic 
and every other acid. 

Fig. 187 represents a typical cross-section of sole leather after vegetable- 
tanning, but before being subjected to the many subsequent operations. 

Vegetable Tanning Horse Hides 

In tanning horse hides, it should be remembered that the horse hide is unicjuc 
in having unusually dense and tight structures in the l)utt areas and unusually 
loose structures in the rest of the hide. Since leathers from these two different 
areas are used for quite different purposes, it is possible to buy separately as 
raw stock horse fronts and horse butts. In vegetable tanning, the butts are pene- 
trated by tannins extremely slowly, but the fronts much more rapidly than steer 
hides. The dense portion of the horse butt is called the shell. The structure of 
the raw butt is shown in Fig. 32 (p. 53). It is customary to split the shell 
into two layers and to finish it on the split side. Splitting it before tanning 
greatly facilitates penetration by the tannin. 

Fig. 188 shows a cross-section of vegetal )le-tanne(l horse l)ult, which has 
already been split through the shell. For comparison, Fig. 189 show.s a cross- 
section of vegetal)lG-tanned horse front. The looseness of structure of the horse 
front is in marked contrast to the tightness of structure of the shell of the butt. 
Jfither fronts or butts may he tanned like sole leather, but less time will he required 
for the fronts. I'or the ])utts, it is desirable to follow the procedure for the rapid 
tannage of sole leather. 

Vegetable Tanning Harness and Strap Leathers 

Both steer and cow hides are tanned for harness and strap leathers are tanned 
much the same as for sole leathers through the rocker sections. After the tannin 
has completely penetrated the hides, the tannage is not continued so long as for 
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sole leather, because the same firmness and solidity is not desired. Sometimes 
the stock is carried through a short layer section. Tanners who make both sole 
and harness leathers tan all stock alike through the rockers or to the point of 
complete penetration by tannin and then sort for suitability for sole or harness 
leather. 

Sometimes a section of still vats is used in place of the rocker section. . The 
whole hides are hung over poles and set into the frame in a vat that is not rocked. 
The head and tail liquors always remain in the same vats, and only the stock is 
moved progressively through the vats from tail to head. Each working day stock 



Courtesy Bona Allen, Inc. 

Fig. 190. Harness-leather Yard of Still Vats. 


liquor is added to the head vat in proportion to the bated weight of the pack entering 
the tail vat. Volumes of liquor equal to that added to the head vat press liquor 
from one vat to another, wasting the same volume of tail liquor to the sewer. 
Such a series of sections is shown in Fig. 190. 

Harness leather lends itself very well to the rapid tannage. After the stock 
has been completely penetrated by tannin in the rocker liquors, it is taken to 
the tanning drum. A pack of 1700 lbs. wet weight of leather is put into the drum, 
covered with 380 gals, of quebracho liquor not bisulfited of 6 percent tannin and 
run for 8 hours. It is then piled and covered and left for 48 hours. The waste 
liquor is run to a mixing tank to be strengthened to 6 percent of tannin for reuse. 
The stock is then covered with 380 gals, of water at SO'^ F. in the drum and run for 
one hour. It is then taken out and sent on for the special procedures for making 
harness leather to be described in Chapter 19. The liquor is run to the mixing tank 
for making up into new 6 percent tan liquor. Where increased plumpness is desired 
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in the leather, cutch is used to replace part of the quebracho, the greater the pro- 
portion of cutch to quebracho, the greater the plumpness of the leather. 

Strap leathers are treated exactly as for sole leather, through the retannage. 

Vegetable Tanning Heavy Strap Leathers of Great Strength 

When the life of a person may depend upon the strength of a strap, yields of 
leather and cost of tanning materials become of secondary importance. Very heavy 
steer hides are used and they are properly delimed and bated after unhairing. 

The stock tanning liquor is prepared by dissolving 1000 lbs. of ordinary solid 
quebracho in water to make a total of 1000 gals., decanting tlie liquor from the 
sludge after settling over night, adding to it 2000 lbs. of Plantation gambier 
extract dissolved in water to make 1000 gals., mixing well, analyzing and adding 
water to make a stock tanning liquor of 6 percent tannin. Enough lactic acid is 
added to this stock liquor to reduce its pH value to 3.8. A rocker section is set up 
exactly as in tanning sole leather. Once the system is in full operation, the amount 
of stock liquor pressed onto the head rocker per 100 lbs. of bated stock entering the 
tail rocker should be such as to maintain a tannin strength of 0.5 percent in the tail 
rocker. The pH value should increase gradually from 3.8 in the head rocker to S.O 
in the tail rocker. If the pPI value of the head rocker should rise above 3.8, lactic 
acid should be added to bring it down to 3.8. If the pH value of the tail rocker 
should rise al)ove 5.0, enough sulfuric acid should be added to it to bring it down to 
5.0. The number of vats required in the rocker section should be such that the 
stock is completely penetrated by tannin before reaching the head rocker. This 
will increase with the thickness of the stock. 

Upon taking the stock from the head rocker, pile it over night and then make up 
into packs of 1500 lbs. wet weight each. Put a pack into a tanning drum 7 feet 
wide by 7 feet in diameter, running at 12 r. p. m., and add 300 lbs. of Plantation 
gambier extract, 50 lbs. of aluminum sulfate and 25 lbs. of salt dissolved in water 
to make 150 gals, at 70^ F. Run the drum for 4 hours and then take out the stock, 
pile it, cover it and let stand for 48 hours. Then stuff and finish as for strap or 
harness leathers as described in Chapters 15 and 18. 

Vegetable Tanning Miscellaneous Leathers 

The procedures given above for vegetable-tanning cover practictdly every type 
of leather, and the tanner can find among them at least one that will suit his pur- 
pose for tanning any kind of leather. It is unusual to tan goatskins with vegetable- 
tanning materials, but the calf procedure gives excellent results. Coat.skins can lie 
|)ickled and tanned like sheepskins, l)ut the tanning time may have to be extendccL 
Very heavy hides require a long time to effect complete penetration by the tannin, 
and it is important to remember that the tannin can completely penetrate through 
the thickness of a hide and yet not reach all of it to com])ine with it to form 
leather. The tannin must not only penetrate through the thickness of a hide, 
])ut it must penetrate into the collagen jelly of which the fibrils of the hide are com- 
posed. This is one reason why the tanning time must often l)c extended long 
beyond that necessary for complete i)enetration through the thickness of the hide. 

The use of other tanning materials to assist in vegetable tanning will be dis- 
cussed in (Tapter 13. 

Diffusion of Tannin into Hides 

In penetrating a hide, the tannins diffuse first into the spaces between the 
fibers and tlien into tlie collagen jelly of which the fibrils are composed. In order 



VEGETABLE TANNING 


345 


to get a better understanding of this latter type of diffusion, studies have been made 
of the diffusion of tanning materials into gelatin jelly. Hoppenstedt noted that 
different tanning extracts diffused into gelatin jelly at different rates, the order of 
increasing rate of diffusion being mangrove bark, quebracho, hemlock bark, alga- 
robilla, valonia, oak bark, myrobalans, chestnut wood, gambier, divi-divi, and sumac. 
This is roughly the order of decreasing astringency. He repeated the test, using- 
gelatin jelly containing ferric ammonium alum. The iron salt gives a dark color- 
ation with both tannins and certain non-tannins and serves to make the degree of 
penetration more sharply defined. The order of diffusion appeared to be roughly 
the same whether or not the iron salt was present. It was, of course, the extent 
of penetration by certain non-tannins that was measured, as these diffuse more 
rapidly than the tannins. 

Later Thomas carried this work further. He prepared a 5-percent dispersion 
of gelatin in hot water containing 0.1 percent ferric chloride and poured it into a 
series of test tubes to three-quarters of their capacities. When the dispersions had 
set to jelly, equal volumes of solutions of different tanning extracts were poured 
on top of the jellies, which were then kept in an ice box. All of the extracts were 
made to contain 1 percent of dry solid matter. At intervals he noted the depth 
of penetration as indicated by the coloration of the ferric chloride. The rate of 
diffusion for different materials increased in the following order: quebracho, hem- 
lock bark, larch bark, oak bark, chestnut wood, gambier, and sumac, agreeing with 
the results obtained by Hoppenstedt. This is roughly also the order of increasing 
ratio of non-tannin to tannin in the extracts. In 96 hours the gambier, which had 
the highest ratio of non-tannin to tannin, penetrated to a depth of 18.0 millimeters 
as against only 4.8 millimeters by the quebracho, which had the lowest ratio. 

The fact that mangrove bark (or cutch extract) penetrates gelatin jelly less 
rapidly than any other extract agrees with the writer’s finding that it also pene- 
trates steer hides less rapidly than other extracts. However, it is interesting to 
note the slow penetration of quebracho into the jelly in contrast to its rather rapid 
penetration through the thickness of a steer hide. 

Tests by the writer showed that the rate of penetration increases with the 
concentration of the tanning extract. Since Thomas used the same concentration of 
total solid matter in all tests, he had a higher concentration of non-tannin and a 
lower concentration of tannin where the ratio of non-tannin to tannin was higher, 
as in gambier. The measurements were really those of the diffusion of non-tannins 
because they are colored by contact with ferric chloride and they diffuse at a greater 
rate than the tannins. This offers one explanation of the findings. It is corrob- 
orated by the work of Mezey, who sought to measure the penetration of the tannin 
into calf skin. 

Mezey immersed strips of bated calf skin in solutions of tanning extracts of 
various strengths and for various intervals of time. Pieces were then cut from the 
central part of the strips, rinsed with water, and placed in a microtome. Sections 
were cut and stained with potassium dichromate, which gives a dark coloration 
with the tannins. The stained sections were dehydrated, mounted in balsam, and 
the penetration of the tannins measured with a micrometer. With solutions con- 
taining 1 percent of total solid matter and immersion for 4 hours, the rate of 
penetration increased in the following order: mangrove, sumac, quebracho, chest- 
nut, sulfited quebracho. Sumac actually penetrated to a lesser extent than que- 
bracho. However, Mezey was measuring the penetration by tannin rather than 
non-tannin and, since the concentration of tannin was higher in the quebracho 
solution than in the sumac solution, an explanation is afforded of the greater rate 
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of penetration of tannin from the quebracho solution which is in line with the 
explanation given above in the gambier-quebracho experiment. However, this 
explanation does iiot hold for the behavior of the other materials in Mezey’s experi- 
ment. The cause of the difference in rate of diffusion by different materials is 
evidently more complicated, Mezey himself points out that other important factors 
are the pH value, degree of dispersion of the tanning material, temperature, and 
tanning conditions. 

Wilson and Kern extended Thomas' experiments to show the effect of pH 
value. They treated a large volume of a dispersion of gelatin in dilute ferric 
chloride solution with tartaric acid until its pH value was reduced to 2.5, as deter- 
mined by the hydrogen electrode. Equal portions were then treated with sodium 
hydroxide to give the desired pH values, which ranged from 2.5 to 11.0. Dilutions 
were such that the final dispersions contained 5 percent of gelatin and 0.1 percent 
of ferric chloride, as in the experiments of Thomas. 

Solutions of gambier and quebracho extracts were treated with tartaric acid 
to give a pH value of 2.5. Equal portions were then treated with sodium hydroxide 
to give series of pH values the same as in the series of jellies. Each final liquor 
contained 1 gram of solid matter of the original extract per 100 cubic centimeters. 



Fig. 191. 

Rates of Diffusion of Gambier and 
Quebracho into Gelatin Jelly as a 
Function of pH Value. 


The gelatin dispersions were poured into test txibes and allowed to set. Onto 
each was poured a given volume of tan liquor having the same pH value as the 
jelly. They were kept in a refrigerator and examined at intervals for 96 hours. 
Although pH values above 5.0 are not ordinarily used in vegetable tanning, a range 
of 2.5 to 11.0 was used to show the continuity of the results. The extents of the 
diffusions in 96 hours are shown in Fig. 191. 

The effect of pH value is really very great. Gamhier penetrates very rapidly 
as the pH value is raised above 3.0, but quebracho does not penetrate measurably 
until the pH value is raised above 4.7. 

The effect of pH value upon the penetration of the cutch-chestnut-quehracho 
mixture into steer hide shown in Table 36 (p. 298) is interesting to study in con- 
nection with this work. 

In all the experiments dcscril)cd above, where the rate of diffusion of one tan- 
ning material was compared with that of another, the variable factors did not have 
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identical values. This must be taken into consideration in drawing any conclusions. 
The rate of diffusion is actually a function of a number of variables, including pH 
value, temperature, concentrations and kinds of tannins and non-tannins, and 
thickness and previous history of the skin. 

Distribution of Tannin Through Thickness of Leather 

In practice, complete saturation of the protein with tannin is rarely, if ever, 
accomplished. In the ordinary methods of tanning this would require many months 
and might prove undesirable, if accomplished. The surface of the skin is in con- 
tact with the tannin for a considerably longer period of time than the middle portion 



Fig. 192. Distribution of Combined Tannin throughout Thickness of Calfskin after 

Tanning for Ten Days. 


and, consequently, is always more heavily tanned. This is further accentuated by 
the fact that the liquor finally reaching the interior is more dilute than that at the 
surface, having lost some of its tannin through combination with protein on the 
way. If the difference in degree of tannage of the surface and interior regions 
is very great, the skin will either be distorted or else the grain surface will break 
up into coarse wrinkles upon bending the leather inward, which is undesirable. 
The reason for this is that the area of the layers tends to increase with the degree 
of tannage, giving the grain layer a greater area than the middle layer. 

The unifoi'mity of distribution of tannin can be increased by increasing the rate 
of diffusion and decreasing the rate of fixation of tannin. The commonest method 
of doing this is to use the same liquor repeatedly, with the necessary strengthening, 
until the ratio of non- tannin to tannin becomes relatively high. Tannins and certain 
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non-tannins form compounds with collagen, but the collagen-tannin compounds ai*e 
very stable, while the collagen-non-tannin compounds are considerably dissociated. 
The non-tannins, having a much smaller molecular weight than the tannins, diffuse 
more rapidly into the skin. When the slowly moving tannin reaches a point where 
it would combine with collagen, it cannot do so because the point is already occu- 
pied by non-tannin. Tannin that would otherwise have combined with collagen 
near the .surface of the skin is thus enabled to proceed into the interior and the 
measured rate of penetration is thereby increased. This action is more marked 
the g'reater the concentration of non-tannin capable of combining with collagen. 
The collagen-tannin compound being much the more stable, tannin replaces non- 
tannin as fast as the collagen-non-tannin compound hydrolyzes. 

Greater uniformity of distribution can also be brought about by the proper 
adjustment of pH value, temperature, and concentrations of the important coii- 
vStituents of the tan liquor, but this requires considerable experience to guarantee 
against damage to the stock. 

Since absolute uniformity of distribution of tannin throughout the skin is not 
practical, it is important to know what differences in tannin content are permissible. 
Fig. 192 shows the distribution of combined tannin throughout the thickness of a 
calf skin which was tanned for ten days in a scries of licjuors made from blended 
extracts. After tanning, before drying, the leather was split into a number of 
layers and each was then dried and analyzed separately in the author’s laboratories. 
The combined tannin was taken as the difference between 100 percent and the sum 
of the percentages of water, fat, collagen, matter soluble in water, acid, and 
insoluble ash. The middle portion of the skin has only a1)<)ut two-thirds as much 
combined tannin as the surface layers, but this di.stri])ution is entirely satisfactory 
as shown in the properties and appearance of the leather. How great the discrep- 
ancy must be 1)efore the leather is spoiled has not yet been determined with accu- 
racy, but the writer l)elieves that the degree of tannage in the middle of tlie skin 
should l)e at least half as great .as at the surface to in.sure a leather having a grain 
of reasonably fine 'hreak.” 

Effect of Time and Concentration of Tan Liquor upon Tannin Fixation 

It is practically impossible to measure the true rale of fixation of tannin by 
using a whole thickness of hide because the rate of diffusion of the tannin into the 
hide influences the observed results. Flowever, the influence of diffusion rate 
can be minimized by using hide powder instead of a, wliole thickness of hide. 
Comi)arisons of tlie tanning of both hide powder and of whole hide under the same 
conditions often give interesting information of the effect of diffusion rate. 

Thomas and Kelly carried out a very important series of experiments on the 
fixation of tannin by hide powder. Their tan li(|uors were centrifuged and filtered 
and only the clear flltrates used in the experiments. The use of filtered liquors 
with hide powder gave results which were more uniform and whicli probalily rei)- 
resent actual tanning conditions more closely, since the surfaces of the whole skin 
act as filters, permitting only the solulile matter to come into contact with llie great 
bulk of the skin protein. 

Portions of purified hide jxiwder equal to 2 grams of anhydrous substance were 
shaken with 100 cubic centimeters of tan li(|uor of the desired concentration and 
for fixed intervals of time. The powder was then waslied until the wash water 
no longer gave a dark color upon the addition of a droi) of ferric chloride solution. 
( ft was found that the ferric chloride te.st i.s capable of detecting 1 part in 75,000 
of either gallic acid or jiyrogallol.) The powders, freed from soluble matter, were 
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Gram^ Solid Matter per Liter Grama Solid Matter per Liter 

Fig. 193. Rate of Fixation of Tannin by Hide Powder as a Function of Concentration 
of Tan Liquor. Tanning time, 24 hours. 


dried in a current of warm air and then completely dried in the oven. The increase 
in weight of the absolutely dry material was taken as the amount of tannin fixed 
by 2 grams of hide powder. 

Fig. 193 shows how the rate of tannin fixation varies with concentration of 
solutions of quebracho, hemlock-bark, larch-bark, gambier, oak-bark and wattle- 
bark extracts. A solution of 120 grams per liter is practically the same as one of 
one pound per gallon. With increasing concentration, the fixation increases to a 
point of maximum and then decreases with further increase in concentration. The 



Fig. 194. Rate of Fixation of Tannin by Defatted Hide Powder as a Function of 
Concentration of Tan Liquor at pH Value of 5.0. Time, 24 Hours. 
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points o£ maximum occur at strengths less than those normally found in sole- 
leather yards. This means that when the liquors are strengthened, the rate of 
tannin fixation actually decreases, but we know that the rate of diffusion is increased 
because the tannins penetrate hides more rapidly from stronger liquors. 

This explains why early attempts to tan sole leather rapidly by using very 
strong liquors resulted in leather of low yields. The secret of success lies in 
using the strong liquors merely to effect rapid and complete penetration and then 
to use weak liquors to bring about higher fixation of tannin. 



I'k;, 195. Fixation of Tannin by Defatted Hide Powder as a Function of Concentration 
of Tan Liquor at pH Value of 5.0 for Different Periods of Time. 

Thomas and Kelly carried out another series of experiments, using defatted 
hide powder freed from the portion that would pass a lOO-mesh sieve. Five-gram 
portions of dry powder were kept in contact with 100 cc. of the tan liquor for 24 
hours. The pH value of each tan liquor was adjusted to S.O by the addition of 
sodium hydroxide. The percent of tannin in the total solid matter of each extract 
used was determined ])y the Wilson-Kern method of tannin analysis and found to 
be as follows: oak-bark 20.6, larch-bark 20.6, hemlock-bark 27.2, and wattle-bark 
30.4. The results of the experiment are shown in Fig. 194. 

Thomas and Kelly then measured the effect of time by setting up another series 
of experiments, using 2 grams of purified hide powder and 100 cc, of tan liquor 
with pH value adjusted to S.O. The effect.s of concentration for tanning periods 
of 2 weeks and 21 weeks are showm in Fig. 195. The curves for 1 day taken from 
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Fig, 193 are included for comparison, but it must be remembered that they repre- 
sent results where no adjustments of pH value were made. 

With a tanning time of 21 weeks, the points of maximum become less sharp, 
showing that increasing the strength of a tan liquor slows up the rate of fixation, 
but apparently not the ultimate amount fixed, if time enough is allowed. 



Time of Tanning In Wo eks 

Fig. 196. Continued Fixation of Tannin by Bated Calfskin for 29 Weeks from 

Oak-bark Extract Solution. 

Merrill, working at the time in the writer’s laboratories, measured the fixa- 
tion of tannin by bated calfskin as a function of time. He used a solution of 
oak-bark extract containing one pound of total solids per 6 gallons, maintaining 
this concentration by the necessary additions of fresh extract during the tanning 
period of 29 weeks. Samples of the leather were taken at intervals for analysis 
of combined tannin, water-soluble matter and hide substance. The progress of 
the tanning is shown in Fig. 196. It is interesting to note the steady increase in 
combined tannin, even after nearly seven months of tanning. 

Effect of pH Value on Fixation of Tannin 

Thomas and Kelly next turned their attention to the effect of pH value upon 
the fixation of tannin by hide powder. The procedure used was the same as that 
used in their studies of the effect of concentration. In each case, the pH value of 
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in the fact that minimum fixation of tannin occurs for all materials at pH values 
between pH values of 4 and 5, and that sharp increases in tannin fixation occur 
when the pH value is dropped below 4. Values for “grams tannin combined with 



Fig. 198. Fixation of Tannin by Hide Powder as a Function of pH Value of 
Liquors of Different Extracts. 


100 grams hide substance'’ correspond to the “fixation value" discussed in Chap- 
ter 10. 

The marked tanning action that takes place at pH values above 7 is attributed 
to materials present in vegetable-tanning extracts that are similar to quinone, 
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which has been used to tan hides in alkaline liquors. So far as the writer knows, 
quinone has not come into practical use as yet, although he has used it as the 
only tanning agent in making some satisfactory calf leather that had the properties 
of vegetable-tanned leather, with the added advantage of being unaffected by boiling 
water. 

Effect of Kind of Acid Added on Tannin Fixation 

The question has often been raised as to whether or not it makes any difference 
what kind of acid is used in lowering the pH value of tan liquors. In lowering the 
pH value of a liquor from 5 to 3, only a very small proportion of a strong acid, such 



pH of Taiming Solution 

Fig. 199. Effect of Kind of Acid Added upon Wattle-bark-tannin Fixation by Hide 
Powder as a Function of pH Value. Tanning time, 6 hours. 

1. acetic acid. 6. tartaric acid. 

3. lactic acid. 8. oxalic acid. 

4. formic acid. 9. hydrochloric acid. 

5. citric acid. 

as hydrochloric, is required, but a very much larger proportion of a weak acid, like 
acetic, is required. Although the tan liquors may be brought to the same pH value, 
the total quantity of acid added does have an effect, as shown by the work of 
Thomas and Kelly. 

They placed portions of purified hide powder equal to 2.000 grams of collagen 
in 450-cc. rubber-stoppered bottles and allowed them to soak in 50-cc. portions 
of distilled water for one hour. Then 350-cc. portions of wattle-bark solution were 



VEGETABLE TANNING 


355 


added. There had previously been added to the tannin solutions sufficient percent- 
ages of the various acids studied to yield the desired pH values of the tan liquors 
after contact with the wet hide powders. The concentration of tanning agent was 
such as to provide 40 grams of total solid matter per liter when diluted with the 
water already in contact with the hide powder. These mixtures were then agitated 
in a tumbling machine at room temperatuire for 6 hours in one series, and for 24 
hours in the other, after which they were filtered through Wilson-Kern extractors. 
In every case the filtrate gave a positive gelatin-salt test for tannin, showing that 
in no case was the tannin content of the solution reduced to zero. The tanned 
powders were washed with distilled water until the wash water gave no color 



pH of Tanning Solution 

Fig. 200. Effect of Kind of Acid Added upon Wattle-bark-tannin Fixation by Hide 
Powder as a Function of pH Value. Tanning Time, 24 hours. 


1. acetic acid. 

2. succinic acid. 

3. lactic acid. 

4. formic acid. 

5. citric acid. 


6. tartaric acid. 

7. chloracetic acid. 

8. oxalic acid. 

9. hydrochloric acid. 


with ferric chloride. They were then air-dried and then dried completely in a 
vacuum oven at 100° C. The increase in weight of the dried powders was taken 
as the value for tannin fixed. The results are shown in Figs. 199 and 200. 

The effect of kind of acid is very striking. The general order of increasing 
effect of the various acids upon tannin fixation is hydrochloric, monochloracetic, 
oxalic, tartaric, citric, formic, succinic, lactic and acetic acids. In other words, 
the weaker the acid, the greater is its effect when used alone to lower the pH value 
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o£ the tan liquor. The weaker the acid, the greater will be the percentage required 
to produce a given lowering* of pH value. 

Effect of Neutral Salts on Tannin Fixation 

Thomas and Kelly also studied the effect of adding common salt (sodium 
chloride) or of Glauber’s salt (sodium sulfate) to tan liquors of gambler and 
hemlock-bark extracts upon the fixation of tannin by hide power. In each test, 
100-cc. of tan liquor, a weighed amount of salt, and the equivalent of 2 grams of 
water-free hide powder were put into a bottle and shaken, in a rotating box, for 24 
hours. The contents were then transferred to a Wilson- Kern extractor, filtered, 
and washed until the washings gave no coloration with ferric chloride solution. 
The tanned powders were then dried in a vacuum at 100° C. and weighed, the 
increase in weight of the dry powder being taken as tannin fixed. 

In order to guard against including as fixed tannin any matters rendered 
insoluble by the added salt, blanks were run leaving out the hide powder and cor- 
rections were made where necessary. 




2 5 8 


pH Value of Tan Liquor Before 
Adding Sodium Chloride 



2 6 8 


pH Valu,e of Tan liquor Before 
Adding Sodium Sulfate 


hiG. 201. Effect of pH Value and Added Sodium Chloride or Sodium Sulfate upon 
Fixation of Tannin by Hide Powder from Gambier and Hemlock-bark Liquors. 


The insoluble matter of the extracts was first removed by centrifuging strong 
solutions, which were then diluted to contain 40 grams of solid matter of the tan- 
ning extract per liter, after adjusting the pH value to 2, 5, or 8, by addition of 
hydrochloric acid or sodium hydroxide. 

The results are shown in Fig. 201. 

l.OM sodium chloride means about 0.49 lb. of common salt per gal. of liquor. 
l.OM sodium sulfate means about 1.18 lbs. of anhydrous Glauber’s salt per gal. of 
liquoi. O.Sikf means one-half as much as l.OAf, and 2.0M means twice as much. 

The amount of common salt used in the vegetable tanning of pickled stock 
is equal to about O.Sil'/ sodium chloride. The effect of adding this amount of 
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salt is to lessen the effect of pH value sharply as compared to the effect where 
no salt is used. When vegetable tanning unpickled stock, the pH value decreases 
from about 5.0 in the tail stick liquor to about 3.5 in the head handler liquor. 


Fig. 202. 

Randall & Stickney Thickness 
Gauge for Leather and Raw Skin. 



Courtesy Frank E. Randall 


When tanning pickled stock, the pH value increases from about 2.7 in the tail 
stick liquor to about 3.5 in the head handler liquor. The effect of adding the 
salt is to increase the tannin fixation at a pH value of 5.0 and to decrease it 
at a pH value below 4.0. Glauber’s salt is much more effective than common salt 
m decreasing the fixation of tannin. 


Table 40. Plumping of Calfskin by Tan Liquor Containing 0.21 lb. Oak-bark Extract 
per Gallon and Lactic Acid and Salt (Sodium Chloride) as Shown. 


Moles per I 

Lactic 

jiter t 

Sodium 

' ^ 

r.ure Readings 
:.\e; ‘..i 

r MM. s 

Final 

pH Wlue 

acid 

chloi-ide 

Initial 

Final 

Ratio * 

at 25° C. 

None 

None 

1.346 

2.150 

1.60 

4.63 

0.0025 


1.411 

2.343 

1.66 

3.94 

0.0050 

it 

1.383 

2.699 

1.95 

3.74 

0.010 


1.433 

3.842 

2 68 

3.47 

0.025 

ii 

1.470 

4.564 

3.10 

3.05 

0.050 


1.360 

4.497 

3.31 

2.81 

0.100 

ii 

1.434 

5.100 

3.56 

2.52 


0.05 

1.456 

4.522 

311 

2.49 


0.10 

1.458 

3.918 

2.69 

2.47 


0.25 

1.461 

3.483 

2.38 

2.43 


0.50 

1.420 

2.182 

1.54 

2,37 

* This is a measure 

of the degree 

of plumping. 




t One mole lactic acid per liter is 

the same as 0.75 lb. of piire 

acid per gal. and 

one mole sodium 

chloride per liter is the 

same as 0.49 

lb. of common 

salt per gal. 
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2.S 3.0 3,6 4.0 4,5 

pH Value of Tan Liquor 



Moles Soditun Chloride per Liter 


Fig. 203. Effect of pH Value and of Added Salt upon the Plumping of 
Calfskin in Oak-bark Liquors. 


Effect of pH Value and Added Salt on the Plumping of Stock in Tan Liquors 

Tanners of sole leather usually like to produce leather as plump as practical. 
They have found that increasing the plumpness in the tan liquors usually results 
in a plumper final product, although the end result is influenced in large measure 
by the treatment of the stock after it leaves the layer section. Tanners of flexible 
leathers requiring very great strength usually avoid excessive plumping. 

In Chapter 9, there was described a method developed by Wilson and Gallun for 
measuring degrees of plumping and falling of raw stock as a function of pH value. 
They used this method for determining the effect of pH value and of added common 
salt upon the plumping of calfskin in oak-bark liquors. 



Fig. 204. Effect of pH Value as Produced by Different Acids upon the Plumping 
of Cowhide in Wattle-bark Liquors. 

For this experiment a piece was selected from the butt of a calfskin, after 
liming, unhairing, and washing, of as nearly uniform thickness as possible and cut 
into squares having a side of about 2 centimeters. These were delimed by washing 
with several changes of O.Olikf hydrochloric acid containing 10 percent of sodium 
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chloride, then kept over night in a saturated solution of sodium bicarbonate con- 
taining 10 percent of sodium chloride, washed thoroughly, and finally bated for 5 
hours at 40® C. in a solution of 1 gram per liter of pancreatin, having a pH value 
of 7.6. The pieces were then washed for 24 hours in running tap water and were 
kept under distilled water in a refrigerator at 7° C. until used. The resistance 
to compression of each piece of skin was measured by means of a Randall & Stick- 
ney thickness gauge with a flat, metal base, upon which the piece of skin was 



Fig. 205. Effect of Tanning Time upon Fixation of Tannin by Hide Powder from 
Wattle-bark Liquors at Different Temperatures. 

placed, and a plunger, having a circular base 1 square centimeter in area, capable 
of pressing on the surface of the skin under constant pressure. The gauge reading 
was taken, in every case, exactly two minutes after dropping the plunger onto the 
skin. 

The Randall & Stickney gauge is shown in Fig. 202. Eleven tan liquors were 
prepared as indicated in Table 40. The gauge readings of pieces of the standard 
skin were taken and they were then shaken with water to bring them back to their 
normal shape, after being compressed in the gauge. They were then put into the 
tan liquors and allowed to remain there for 24 hours at 20® C. The final gauge 
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10 20 30 40 

Temperature of Tan Liquor *C. 

b^iG. 206. Effect of Temperature upon Fixation of Tannin by Hide Powder from 
Wattle-bark I-icpiors for Different Tanning Periods. 

reading's were then taken. In each case 3 pieces of skin were put into 100 cubic 
centimeters of tan liquor and the agreement between the triplicate determinations 
was satisfactory. The degree of plumping caused by the liquor is measured by the 
ratio of the final to the initial gauge reading. 

The results are shown in Table 40 and in Fig. 203. 

As the pH value was decreased below 4 in the absence of salt, the plumping 
became inordinately high and the untanned middle layers of the skins became gela- 
tinized and destroyed; but in the presence of 0.25 lb. of salt per gal. (0.5 mole 
per liter), there was slightly less plumping at a pH value of 2.37 than there was 
at a pH value of 4.63 with no added salt. The general effect of adding acid to 
tan liquors is to increase plumping and that of adding salt is to decrease plumping. 

Page and Gilman used the Wilson-Gallun method to measure the effect of adding 
acid upon the plumping of cowhide in wattle-bark liquors. The tan liquors con- 
tained 0.21 lb. of wattle-bark solids per gal. and the tanning time was 24 hours. 
The results are shown in Fig. 204 as a function of pH value produced by adding 
sulfuric, hydrochloric or lactic acid. 
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As the pH value is decreased below 3.5, that often found in layer and handler 
liquors, plumping increases at an inordinate rate to a pH value of about 2, below 
which the plumping falls off again. Although lactic acid is much weaker than 
hydrochloric acid, the plumping produced is the same for each. Counting the effect 
of the acid as the additional plumping over unity, it will be seen that sulfuric 
acid produces only about one-half as much additional plumping as does either lactic 
or hydrochloric acid. Sulfuric acid is a dibasic acid and lactic and hydrochloric 
acids are both monobasic. The findings are in agreement with the fundamental rule 
that monobasic acids produce about twice as much swelling of protein jellies at the 
same pH value as do dibasic acids. 

Effect of Temperature on Tannin Fixation 

Most tanners know that hides and skins tan very slowly in cold liquors. In 
the experiments described above, where no temperatures are mentioned, it means 
that they were conducted at room temperature, about 70° F. Thomas measured 
the effect of temperature upon the fixation of tannin by hide powder from solutions 
containing one-third pound per gallon of solids of wattle-bark extract. The results 



Fig. 207. Effect of Temperature upon Fixation of Tannin by Calfskin from 
Regular Yard Liquor in 8 Days. 
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for tannin fixed as a function of time for different temperatures are shown in 
Fig. 205. The results for tannin fixed as a function of temperature for different 
tanning periods are shown in Fig. 206. 

Merrill carried out a similar experiment with the tanning of bated calfskin in 
the regular yard liquor. The results are shown in Fig. 207. 

Increasing the temperature of the tan liquor from 50° F. (10° C.) to 95° F. 
(35°C.) has caused the percentage of tannin fixed in 8 days to double. This is 
deserving of much careful thought by the tanner. Every precaution should be 
taken in the winter to keep the temperature of the liquors above 70° F., and it is 
very important to keep the temperatures the same at all times of the year, if uniform 
tanning is to be expected. 
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Chapter 12 
Chrome Tanning 

Just as the bulk of all heavy hides today are converted into leather by means 
of vegetable tanning, so the bulk of all light hides and skins are converted into 
leather by means of chrome tanning. Although vegetable tanning was developed 
many thousands of years ago, chrome tanning was developed within the past cen- 
tury. In contrast to vegetable-tanning materials, which are of vegetable origin, 
chrome-tanning materials are of mineral origin. 

The basic material from which chrome-tanning materials are made is an ore, 
called chromite, which is found chiefly in Asia Minor, but also in the western United 
States. It consists chiefly of a compound of about 68 percent chromic oxide and 32 
percent ferrous (iron) oxide. Kinney described the manufacture of sodium 
dichromate from this ore as follows: The chromite is ground to a powder and 
mixed with powdered lime and sodium carbonate. The mixture is heated in a flat- 
bed, reverberatory furnace at from 1500 to 2000° F. for from 6 to 8 hours. During 
this time, it is raked and turned to facilitate oxidation of the chromic oxide to 
chromate. It is then cooled and leached with water to extract the sodium chrom- 
ate. The solution is filtered from the insoluble mass containing the iron oxide. 
The solution is then concentrated, acidified with sulfuric acid to form sodium 
dichromate and then further concentrated until the bulk of the sodium sulfate 
formed is precipitated. The clear liquor is then decanted from the sodium sul- 
fate and further concentrated. It is then cooled and the sodium dichromate is 
allowed to crystallize out in very pure form. Sodium dichromate consists of red, 
triclinic crystals that are freely soluble in water. By itself, it has no true tanning 
properties, but it is readily converted into basic chromium salts, which combine 
vigorously with hide protein, converting it into very durable leather. 

The first concept of chrome tanning has been attributed to Knapp, who, in 
1858, described a method for tanning skins with salts of chromium, iron and 
aluminum. So far as the writer knows, Knapp was not successful in producing 
chrome-tanned leather commercially. Chrome tanning, as a commercial process, 
really dates from the patents of Augustus Schultz, of New York, in 1884. In 
Schultz’s process, the skins, after deliming and bating, were tumbled in a solu- 
tion of potassium dichromate and hydrochloric acid until the dichromate had 
completely penetrated the skins, after which they were horsed or piled and allowed 
to drain. They were then tumbled in a solution of hypo (sodium thiosulfate), 
acidified with hydrochloric acid, which reduced the dichromate to chromic salt, 
in which condition it combines vigorously with the skin protein, yielding a very 
stable leather. This process, with modifications, is still in use today under the 
name of the tzvo-bath process, so named because the stock was first treated with a 
bath of sodium dichromate and then with a bath of hypo and acid. 

In 1893, Martin Dennis patented a process for tanning skins directly in a solu- 
tion of basic chromic chloride along the lines suggested by Knapp in 1858. Because 
this was done in a single bath, it came to be known as the one-bath process. Today, 
most chrome tanning is done by the one-bath process, but basic chromic sulfate 
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has displaced the chloride because it greatly facilitates tanning and produces much 
better leather. 

Making One-bath Chrome Liquors 

Although many excellent one-bath chrome-tanning materials are available on 
the market, many tanners purchase sodium dichromate and prepare their own 
one-bath liquors. In order to reduce sodium dichromate to the chromic salt that 
has tanning properties, it is necessary to use a reducing agent (see Glossary). 
Although there are thousands of different materials that may be used as reducing* 
agents, the two kinds most widely used are sugar and sulfur dioxide. The use of 
each will be described in turn. 

In 1897, Procter described the use of glucose in reducing sodium dichromate 
to chromic salt and the principle is still in wide use. A common method today 
is as follows: A wooden tank of about 1200-gals, capacity is lined with lead 
and equipped with a bottom outlet and with a mechanical stirring device. Into 
this tank, dump 1000 lbs. of sodium dichromate and add water at 120° F. to make 
a total volume of 1000 gals. Run the stirrer continuously and add 883 lbs. of 66° 
Baume sulfuric acid. Then add very slozdy 500 lbs. of 40° Baume corn syrup. 
During the addition of the syrup, a violent reaction takes place and the liquor 
boils, giving off steam and pungent reaction products. The speed of adding the syrup 
must be so controlled that the reaction does not become too violent. After all 
the syrup has been added, which may take several hours, allow the solution to 
cool and age it for several days. Then dilute with water, if necessary, to make a 
final volume of 1000 gals, and it is then ready for use. After the reaction has 
been completed, it is customary to pump the liquor to a storage tank for the aging 
so that the equipment may be kept in continuous use. Immediatel}^ after a chrome 
liquor is made up, chemical changes are still taking place in the liquor and 
erratic results may be obtained if the liquor is used before these changes are 
practically complete. For this reason, the liquor is aged] that is, kept until the 
chemical changes are completed, which may take several days. 

This liquor is known as one of 50 percent basicity or of 50 percent acidity of 
the chromium complex. A solution of pure chromic sulfate has an acid reaction 
because it reacts chemically with water, forming basic chromic sulfate and free 
sulfuric acid. If the liberated sulfuric acid is neutralized by adding alkali, more 
of the sulfate will be converted into free sulfuric acid and the chromic sulfate 
becomes increasingly basic. Pure chromic sulfate is referred to as having a 
100 percent acidity of the chromium complex and 0 percent basicity. When 25 
percent of all of the acid that it can liberate has been neutralized, it is called 25 
percent basic or 75 percent acidic. The basicity and acidity are so related that 
100 percent minus percent basicity equals percent acidity; conversely, 100 per- 
cent minus percent acidity equals percent basicity. 

The vigor of the combination of chromium with the hide protein increases 
with increasing basicity up to about 661 percent basicity (or 333- percent acidity). 
When the chromic salt is made more basic than this, the chromium precipitates 
and then can no longer react with the hide protein. 

The greater the acidity of the chromic sulfate, the more rapidly does it pene- 
trate into the hide; but the greater the basicity, the more vigorously does it com- 
bine with the hide protein, provided the basicity is not increased to the point 
where precipitation takes place. In making chrome liquors, it is customary to 
make the initial basicity somewhere between 33i and 50 percent. The greater the 
basicity, the less the amount of alkali required in tanning. Generally the chromic 
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salt that combines with the hide protein has a basicity of about 66§ percent, but 
this can be increased by further neutralization after the leather is tanned. In the 
foreg-oing procedure for making chrome liquor, if the amount of sulfuric acid 
added is increased, the chromic sulfate formed will be less basic. The rule to 
follow is to increase the amount of acid added by 10.59 lbs. per 1000 lbs. of sodium 
dichromate for each 1 percent that the basicity is to be lozvered. 

In the reaction, as the sodium dichromate is reduced to basic chromic sulfate, 
the sugars of the syrup become oxidized and changed to carbon dioxide and a 
number of different kinds of organic acids. These organic acids combine vigorously 
with the chromic sulfate to form exceedingly complex chemical compounds, which 
greatly modify the tanning action of the liquor. 

Every variation made in details of making the chrome liquor causes a variation 
in kinds and amounts of the different organic compounds produced, and each 
such variation thus causes a marked change in the tanning properties of the 
liquor. Sometimes the change may be found very beneficial and sometimes quite 
harmful. For this reason, great care must be exercised to keep every factor con- 
stant in making chrome liquors this way to insure constancy of tanning properties. 
Many tanners experiment with the variable factors until they secure the liquor 
that they believe best adapted to their purposes, and then adhere rigidly to the 
procedure developed and usually guard it as a secret. 

When sulfur dioxide is used in place of sugars, the making of chrome liquor 
is very greatly simplified, and it is much easier to produce liquors that have exactly 
the same properties from batch to batch. However, the judicious use of salts of 
organic acids in chrome tanning results in plumper and fuller leather, which will 
be discussed later. Such salts are present in liquors made with sugars, but not 
in those made with sulfur dioxide, which explains why some tanners have obtained 
plumper leather with the sugar liquors. However, it is so difficult to control the 
kinds and amounts of organic acids formed when making sugar liquors that the 
writer has found it preferable to make the liquors with sulfur dioxide and then 
to add the specific kinds and amounts of salts of organic acids to get the desired 
properties in the leather. 

Of the solutions of the three materials, sodium dichromate, sulfuric acid and 
sugars, any one can be added to the other two; and in each case a liquor of dif- 
ferent properties is obtained because of the different kinds and amounts of organic 
acids produced. 

Sulfur dioxide is made by burning pure sulfur in air. It is a colorless gas 
of pungent and characteristic odor. It is easily liquefied by the application of 
pressure, and it is shipped as liquid under pressure in steel drums or tank cars. 

Table 41. Relation of Pressure, Specific Volume and Specific Weight of Sulfur 

Dioxide to Temperature. 


Temperature 

Pressure 

Specific Volume 

Specific Weight 

(°F.) 

(lbs. per sq. in.) 

(cu. ft. per lb.) 

(lbs. per cu. ft.) 

0 

-9 

0.010820 

92.3 

14 

0 

0.010960 

91,2 

20 

2.5 

0.011025 

.90.5 

30 

7.0 

0.011140 

89.6 

40 

12.4 

0.011260 

88.9 

50 

18.8 

0.011380 ' 

87.9 

60. 

26.2 

0.011500 

86.9 

70 

34.9 

0.011626 

86.0 

80 

45.0 

0.011760 

85.0 

90 

56.6 

0.011896 

84.0 

100 

69.8 

0.012037 

83.0 
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The relations of pressure, specific volume and specific weight to temperature are 
given in Table 41. 

For making small tests, liquid sulfur dioxide can be obtained in cylinders con- 
taining from 5 to 150 lbs. For large-scale operation, it is much more economical 
to purchase it in tank-car lots. Fig. 208 shows the type of storage tank used by 



Fig. 208. Showing Method of Transferring Liquid Sulfur Dioxide from Tank Car to 

Storage Tank. 


a number of tanneries and the method of unloading a tank car. The storage tank 
is of special design to guard against leakage. It is a welded tank measuring 6 
feet in diameter by 28 feet long and has a working capacity of 60,000 lbs. of sulfur 
dioxide. This size permits the complete unloading of a car when there is still 
a balance of from 10,000 to 20,000 lbs. of sulfur dioxide left in the storage tank. 
The storage tank is tested at 200 lbs. working pressure and 300 lbs. hydrostatic 



Courtesy Ansnl Chemical Co. 

Fig. 209. Multi-unit Car for Shipping 15 One-ton Drums of Sulfur Dioxide 

test, conforming to the A. S. M. E. Code. The manufacturers of sulfur dioxide 
are always glad to advise and assist tanners on the installation of storage tanks. 

The method of unloading a tank car is illustrated in Fig. 208. The storage 
tank is preferably located near the railroad siding. An air line with a pressure 
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of 50 to 70 lbs. per sq. in. is connected to a valve at the top of the car and a pipe 
is connected from the liquid sulfur dioxide outlet to the storage tank. This causes 
all the sulfur dioxide to flow from the tank car into the storage tank. The storage 
tank is equipped with a set of gauge cocks for measuring the amount of liquid 



Courtesy Ansiil Chemical Co. 

Fig. 210. Equipment for Making One-bath Chrome Liquors with Sodium Dichromate 

and Liquid Sulfur Dioxide. 

sulfur dioxide in the tank. By opening each cock in succession from the top, the 
first one that spurts liquid sulfur dioxide indicates the level in the tank. 

When the chrome-liquor tank is above the storage tank, the compressed-air 
line is used in making delivery of sulfur dioxide; when below, the sulfur dioxide 
can be run in by gravity. 

If it is not possible to have a storage tank near a railroad siding, ton drums 
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may be used. Fig. 209 shows a car of 15 one-ton drums. These may be unloaded 
and replaced by empty drums, the car then moving back at no charge to the 
consumer. 

T{ie making of one-bath chrome liquor is extremely simple. A 1200-gal. 
mixing tank, as shown in Fig. 210, is provided with a cover with a trap door 
in it for adding the sodium dichromate, a vent, a water line, a lead pipe and per- 
forated coil for introducing the liquid sulfur dioxide, and a bottom outlet. Some 
tanners lead-line their tanks, but this does not appear to be necessary when 
making chrome liquor with sulfur dioxide. Put 2000 lbs. of sodium dichromate 
into the tank and add water to make a total volume of 1000 gals. 

Fill the measuring tank with sulfur dioxide from the storage tank and add to 
the dichromate solution 1290 lbs. of sulfur dioxide over a period of about two 
hours, at the end of which time the job is complete. As a safeguard in measuring 
the sulfur dioxide, tests of the liquor should be made for completeness of reduc- 
tion. This is done very simply. Have on hand a bottle of 10 percent potassium 
iodide solution, a bottle of 1 percent potato starch solution and a bottle of 10 percent 
hydrochloric acid solution. Take about i oz. of the chrome liquor and dilute it 
to about one pint with water. Then add about i oz. of potassium iodide solution 
and about i oz. of the hydrochloric acid solution, mix well and add a few drops 
of the starch solution. If there is any unreduced dichromate left, the solution will 
turn a dark blue color upon addition of the starch solution. This may also be 
used in testing the liquors made with, sugar. As long as there is any unreduced 
dichromate left, continue to add sulfur dioxide, but stop the addition just as soon 
as all the dichromate is gone. At this point, the basicity of the liquor will be 
exactly 33i per cent. If sulfur dioxide is added beyond this point, the liquor will 
become increasingly acid and this should be avoided. After the liquor has cooled, 
add water, if necessary, to make the total volume exactly 1000 gals. Mix well, 
and the liquor is ready for use. 

During the addition of the sulfur dioxide, the liquor will boil violently, but 
no organic acids will be formed. The writer has found liquors made in this way 
to be constant in composition and in tanning properties in contrast to liquors 
made with sugars even under the most rigid control. For many types of leathers, 
this liquor is quite satisfactory just as it is ; but for the peculiar effects charac- 
teristic of the organic acids of sugar liquors, salts of these acids can be added 
as described later in this chapter. 

Chrome Tanning Pickled Calfskins 

We take our pickled calfskins directly after pickling, as described in Chapter 9. 
In order to get uniform results when basing amounts of materials to use upon 
pickled weight, it* is necessary that the pickled stock be allowed to drain always 
for the same length of time and under the same conditions before weighing. The 
longer the draining period, the less will be the pickled weight for the same total 
amount of hide protein. For the procedure that follows, it will be assumed that 
the stock was weighed exactly one hour after pulling from the pickle and weighing 
as pickled weight. 

Divide the stock into unit packs of 3000 lbs. pickled weight each. Put a pack into 
a drum 8 feet in diameter by 5 feet wide inside measurements, equipped with 
8-inch pegs inside and revolving at 18 r. p. m. A battery of drums used for 
chrome-tanning calfskins is shown in Fig. 211. Take 50 gals of the stock sulfur- 
dioxide chrome liqiior and dilute it with water to make a total volume of 360 
gals. Since each gal. of stock liquor contains the reaction products of 2 lbs, of 
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sodium dichromate, the 360 gals, of diluted liquor will contain the reaction products 
of 100 lbs. of sodium dichromate, or 3i lbs. per 100 lbs. pickled weight of stock. 
This is equal to 1.70 lbs. of chromic oxide per 100 lbs. pickled weight. Start the 
drum running and through the hollow gudgeon add the 360 gals, of diluted chrome 
liquor over a period of one hour and continue to run the drum for three hours 
longer. Then make cuttings of the stock and examine the cut edges of the 
thickest parts to make sure that the green color of the chrome has completely pene- 
trated through the thickness of the stock. When penetration is complete, start 
adding very slowly a solution of 18 lbs. of soda ash in 18 gals, of water, taking 
a full hour to add while the drum is running. This is conveniently done by putting 
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Fig. 211. Battery of Drums Used in Chrome Tanning Calfskins and Portable Frames 
on Which They Are Piled after Tanning. 

the carbonate solution into an elevated tank equipped with an adjustable cock for 
regulating the rate of flow through the hollow gudgeon of the drum. Such a tank 
is shown to the left in Fig. 213. Continue to run the drum for another hour 
after all the soda ash solution has been added, and then run it for 3 min. out of 
each hour until next morning. 

Then run the drum for 30 min. and take a sample of the liquor and a cutting 
of the leather. Put the cutting of leather in water and raise the temperature 
gradually to the boiling point, which can be done with live steam. Note the 
temperature at which the leather may shrink and curl. If it does not shrink or 
curl even in boiling water, it is well tanned and no further attention need be 
given to this test. Some tanners do not carry the tannage to the point that the 
leather will stand the boiling test and they note the temperature at which shrink- 
ing is first noticeable. 
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Determine the pH value of the liquor. If it is 3.0 or higher, drain off the 
liquor and wash the stock in running water at 70° F. for one hour. If it is less 
than 3.0, continue to add soda ash solution very slowly and cautiously with drum 
running, until the pH value is at 3.0 fifteen min. after the last addition of soda 
ash. Then drain off the liquor and wash the stock in running water at 70° F. 
for one hour. After washing, pile the stock on frames, flat trucks or wooden 
horses and send to be set out. Fig. 212 shows chrome-tanned calfskins being 
hauled from the drum and piled. 


ti 




Courtesy B. D. Eisendrath Tanning Co. 

Fig, 212. Hauling Chrome-tanned Calfskins from Drum and Piling. 

Although a tanner could follow the foregoing procedure and produce reason- 
ably satisfactory leather under a rigidly controlled system, he would find that 
variations, according to average weight of the skins and properties of the leather 
desired, are necessary to get the best and most economical results. 

The ^ quantities of material and running times given were based upon the 
assumption that 100 lbs. pickled weight contained 20 lbs. of actual hide protein. 
Actually, the amount of hide protein in 100 lbs. pickled weight varies with the 
time and conditions of draining and upon the average thickness of the skins 
Under the same conditions of draining, thicker skins contain more hide protein 
than thinner ones. If all skins were of exactly the same thickness and contained 
exactly the same amount of hide protein, a rigid procedure could be outlined that 
would eliminate the necessity for making tests and adjustments. However, the hide 
protein content of pickled stock varies widely, and no one has yet developed a 
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quick and simple practical method for determining the protein content of a pack of 
pickled stock, although the writer has made an attempt to develop such a method, 
which will be described later in this chapter. The most efficient operation must 
still be based upon experience, experiment and the careful keeping of records and 
study. However, an attempt will be made to show how to do this, 

The procedure described above was based upon pickled stock containing 20 
lbs. of hide protein per 100 lbs. of pickled weight. The pack of 3000 lbs. thus 
contained 600 lbs. of protein and 2400 lbs. of pickle liquor. The total amount of 
chrome used, calculated as chromic oxide, was 51 lbs. This is equivalent to 8.5 
lbs. of chromic oxide per 100 lbs. of hide protein. By analysis, the leather con- 
tained 5.1 lbs. of chromic oxide per 100 lbs. of hide substance and the used liquor 
contained 0.36 gram of chomic oxide per 100 cc. This means that 60 percent 
of the total chrome used combined with the skins to form leather and 40 percent 
was run to the sewer. By greatly increasing the time of tanning and raising 
the pH value of the liquor slowly so as not to bring about precipitation, all the 
chrome can be made to combine with the skins, but the leather produced will be 
too soft and grainy for the best practical use. In order to improve the properties 
of their leather, tanners are quite willing to waste chrome liquor. 

A tanner with the proper facilities can, in time, accumulate information on the 
average protein content of pickled stock of different average weight, for fixed 
conditions of pickling and draining for weighing. Although the results will only 
be averages, they will give him the tremendous advantage of being able to use 
quantities of materials based upon the average weight of protein. The adjust- 
ments to make would then be greatly minimized. 



Courtesy A. F. Gallun & Sons Corp. 

Fig. 213. Chrome-tan Yard Showing Testing Laboratory (right) and 
Feeding Tank (left). 

In order to show how important it is to know the average protein content of 
different packs of pickled stock, let us consider an extreme case in which one pack 
has drained until its content of pickle liquor was only 75 percent and the other 
only until its content of pickle liquor was 85 percent. Taking 100 lbs. pickled 
weight, one would contain 25 lbs. of hide protein and the other only 15 lbs. 
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Basing the amount o£ materials to be added on pickled weight alone, one pack 
would receive 661 percent more material than the other per unit of hide sub- 
stance. This explains why the chromic oxide contents of both leather and used 
liquor vary so widely in many tanneries. 

In each tannery, it is a good plan to have a small testing laboratory in the 
chrome-tan yard, where analyses of chrome liquors can be made quickly while 
the stock is still in the tanning drum. Such a testing laboratory is shown to the 
right in Fig. 213. Methods for making such analyses are given in the book 
“Analysis of Leather” by Wilson and Merrill, and they can quickly be mastered 
by a good workman. Adjustments can then be made during the tanning to 
compensate for variations in protein content of packs of different average pickled 
weight, and the accumulated records will quickly show' how' much material to 
use for packs of different average weight. 

With the addition of increasing percentages of sodium carbonate to a chrome 
liquor during tanning, the pH value rises. In the procedure described, w^hen the 
pH value reaches some point betw^een 3.3 and 3.6, the chrome precipitates and 
loses its tanning properties. By keeping the pH value just under the precipitation 
point, the amount of combined chrome in the leather can be greatly increased. 
It has the effect of making the finished leather softer and fuller, but also looser and 
grainier. If the final pH value of the chrome liquor is less than 2.5, the leather 
becomes hard, flat and tinny. Some tanners adjust the final pH value to about 
2.85 in order to get very tight and smooth leather, although they make a sacrifice 
in softness, fulness and yield of leather. Each increase of 0.1 in pH value makes 
the leather softer, fuller and of greater yield, but it also makes it looser, rougher 
and of coarser break. 

For stock that is naturally of denser and tighter structure, the pH value can 
be raised higher to actual advantage. In any single skin, the tight butt area can 
be improved by raising the pH value above 3.0, but the flanks suffer by becoming 
so loose as to lose their cutting values. 

The best procedure to follow in the chrome-tan yard depends both upon the 
subsequent operations and upon the particular properties desired in the finished 
leather. Judgment on this must be made by the tanner himself. The procedure 
outlined wall form a good starting point for any tanner, and it is hoped that 
the remarks following it will prove a suflicient guide for the tanner to make 
adjustments in details to his best advantage. 

Fig. 214 shows a cross-section of chrome-tanned calfskin. The skin before 
tanning w'as cut into sides along the line of the backbone and one side was vege- 
table-tanned and the other chrome-tanned. A cross-section of the vegetable- 
tanned side is shown in Fig. 173 of Chapter 11. Chrome-tanning does not build 
up the fibers to the same extent as vegetable tanning. 

Determination of Hide-substance Content of Pickled Stock 
Before Chrome Tanning 

It was pointed out above how very valuable it would be to know the actual 
weight of hide substance in a pack of pickled stock to be chrome-tanned. Then 
the amounts of materials to use in tanning could be based upon the actual hide 
substance and not upon a variable pickled weight. The writer has developed a 
method for determining the amount of hide substance in a given pack that he has 
used successfully on a few packs of light skins, but which requires too great a 
precision of analysis for routine work. A description of the method is in order 
because it may lead to the development of a precision method of analysis com- 
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parable with that of the determination of pH value with the glass electrode, which 
hardly a decade ago seemed too complex for general use. 

In this method, it is merely necessary to make accurate determinations of the 
chlorides in pickle liquors. In many tanneries, this determination is run a 3 a 
matter of routine, but not with the accuracy required for calculations of hide 
substance. In calculating the hide- sub stance content of a pack, the chlorides are 



Fig. 214. Vertical Section of Chrome-tanned Calf Leather. 

Location : butt. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification: 75 diameters. 

first determined in the used pickle liquor from which the pack to be tanned has 
been taken. In a test which we shall use for an illustration, this was found to 
be 11.95 lbs. per 100 lbs. of pickle liquor, calculated as sodium chloride. The 
pack of 3000 lbs. pickled weight was then put into the tanning drum, covered with 
2000 lbs. of water (240 gals.) and run for 2 hours. Then the chlorides were deter- 
mined in the diluted pickle liquor from the drum and found to be 6.56 lbs. per 100 
lbs. of diluted pickle liquor, calculated as sodium chloride. The original 3000 
lbs. of pickled weight contained the unknown amount, x lbs., of hide substance and 
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(3000 - x) lbs. of pickle liquor; but the pickle liquor contained 11.95 percent by 
weight of chloride, calculated as sodium chloride, and so the pack contained a total 
of 0.1195 times (3000 - x) lbs. In the tanning drum, after diluting with 2000 lbs. 
of water and running to equilibrium, there is still x lbs. of hide substance and 
the same total amount of chlorides that was present in the original pack, but there 
is now (5000-“.r') lbs. of diluted pickle liquor containing 6.56 percent by weight of 
chlorides, calculated as sodium chloride. The total number of lbs. of chlorides 
in the drum is thus 0.0656 times (5000 — x), but this we know to be equal to 
0.1195 times (3000 - .r) lbs. From this, it is a simple algebraic problem to 
calculate the value of x as 566, the number of lbs. of hide substance in the pack. 
After this calculation was made, the true hide-substance of the entire pack was 
determined after the tanning by a very elaborate and costl]^ method and found to 
be 564 lbs., showing that the method is reliable, if the chlorides can be determined 
with sufficient accuracy. The chloride determination must be accurate to the second 
decimal place or the calculation of hide substance will not be accurate enough for 
safe use. In the average well-run tannery, accuracies in this determination within 
the second decimal place are not to be expected ; therefore the method should not be 
attempted until this accuracy can be guaranteed. The calculation can also be made 
from the decrease in specific gravity of the pickle liquor upon dilution, but here 
the determination of specific gravity must be accurate to 0.0001. 

To continue with the procedure after calculating the amount of hide substance 
to be 566 lbs. : Each 100 lbs. of hide substance requires 8.5 lbs. of chromic oxide 
in 60 gals, of liquor. The pack has already received 240 gals, of water. It needs 
a total of 48.1 lbs. of chromic oxide, which is contained in 47.2 gals, of stock 
chrome liquor. It requires a total volume of diluted chrome liquor of 339.6 gals., 
and so the 47.2 gals, of stock chrome liquor is diluted with water to make 99.6 
gals, and added to the drum. After that, proceed as described above. 

Chrome Tanning Pickled Cowhides 

The chrome-tanning of heavy hides does not differ in principle from the chrome- 
tanning of light skins. Although the thickness of the hides makes a great deal of 
difference in vegetable tanning, it makes very much less difference in chrome- 
tanning because the chrome penetrates the hides very much more rapidly than do the 
vegetable tannins. However, the thickness of the hides markedly affects the proper- 
ties of the leather, and it is often desired to impart to cowhide leather proper- 
ties different from those of calf leather. 

After pickling, a pack of 3000 lbs. of cowhides contains less water than a 
pack of 3000 lbs. of calfskins, under the same conditions of draining. For this 
reason it contains more hide substance. As a rule, the hide- sub stance content of 
a pack of 3000 lbs. pickled weight increases with the average weight of the hide 
or skin. It has thus become customary for a tanner to use increasing quantities 
of material per unit of pickled weight as the average weight of hides or skins 
increases. His formulas usually include tables showing the amounts of different 
materials to use per unit of pickled weight based upon average weight. The 
properties desired in heavier leathers often call for a greater fixation of chrome, 
and this requires substantially more chrome per unit of pickled weight than is 
required for calfskins. 

In making shoe-upper leather from cowhides, it is customary to split the leather 
after tanning so that the grain side has a thickness suitable for shoe uppers. The 
flesh side is then converted into special leathers, known as splits. Before pickling 
and chrome tanning, cowhides are usually cut into sides for convenience in handling. 
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Follow the procedure outlined for calfskins, but increase quantities of materials 
according to average pickled weight. For 3000 lbs. of 40-lb. cowhides for shoe- 
upper leather, use 60 gals, of the stock chrome liquor diluted to make a total 
volume of 432 gals. Follow the penetration of the chrome through the thickness 
of the hides and do not add sodium carbonate solution until the stock has been 
completely penetrated by chrome. It may require about 21 lbs. of soda ash to bring 
the pH value of the liquor to 3.0 by the next morning. This should be added in 21 
gab. of water very slowly over a period of one hour. The drum should be run con- 
tinuously from the time the pickled stock enters it until one hour after all the 
soda ash solution has been added and then for 3 min. each hour until next morning. 
The stock should then stand the boiling test. If the pH value of the liquor is 
below 3.0, enough more soda ash should be added to raise it to 3.0. Then haul out 
the stock and pile it. 

Although calfskins are often washed immediately after tanning, it is customary 
not to wash stock to be split until after the splitting operation. The stock is 
allowed to lie in piles over night and is then set out under heavy pressure and 
sent to the splitting room. 

Sometimes it is desired to make chrome-tanned cowhide leather that is very full 
and mellow, and sometimes it is required to make leather that will resist the action 
of steam under pressure. Both results can be accomplished by increasing the amount 
of chrome fixed per unit of hide substance several fold. This can be done by 
increasing the amount of stock liquor used per unit of pickled weight, extending 
the time of tanning and, after the stock has been completely penetrated by chrome, 
maintaining the pH value of the liquor just under but never exceeding that at which 
the chrome precipitates. 

In making this type of leather, it is important to make precipitation tests 
before each addition of soda ash to the chrome liquor so that as much as possible 
may be added without causing any precipitation of the chrome. In this test, invented 
by McCandlish, a standard solution is used containing 12 grams of soda ash per 
liter. A burette graduated in tenths of a cc. is filled with this solution. Take a 
sample of chrome liquor from the drum and filter it so that a transparent filtrate is 
obtained. Pipette 10 cc. of the filtrate into a 25-cc. beaker. Hold the beaker over a 
watch face so that the face can be seen clearly through the transparent green liquor. 
Then add to the liquor, drop by drop, the standard solution from the burette, shaking 
after each addition and then looking through the liquor at the watch face. A point 
will finally be reached where the liquor clouds because of precipitation of the 
chrome and the watch face can no longer be seen through the liquor. This repre- 
sents the precipitation point. Note from the burette reading how many cc. of the 
standard solution were required to bring about precipitation in 10 cc. of chrome 
liquor. This reading represents the number of pounds of soda ash that may safely 
be added per 100 gals, of chrome liquor in the drum, without causing precipitation. 

This amount of soda ash will not start precipitation in the drum because 
the water carried into the drum by the pickled stock forms a part of the total 
volume of liquor in the drum, and it is not taken into consideration in making 
the calculation for amount of soda ash to add. In other words, the amount of soda 
ash added is just enough to start precipitation in the volume, of liquor added to 
the drum, but not enough to start precipitation in the total volume of liquor 
that is in the drum including that carried in by the pickled stock. 

Put a pack of 3000 lbs. pickled weight of stock into the drum and add 180 
gals, of the stock chrome liquor diluted with water to make a total volume of 500 
gals. After running the drum until the stock has been completely penetrated by the 



376 


MODERN PRACTICE IN LEATHER MANUFACTURE 


chrome, take a sample of the liquor and determine the precipitation value. Add the 
amount of soda ash called for, using 1 gal. of water per lb. of soda ash, slowly over 
a period of one hour. For example, if it required 6.1 cc. of standard solution to 
start precipitation in 10 cc. of the chrome liquor, add 6.1 lbs. of soda ash per 
100 gals, of liquor in the drum, or a total of 30.5 lbs. of soda ash in 30.5 gals, 
of water. Keep the drum running continuously, and 4 hours after the last addition 
of, soda ash, again determine the precipitation value and again add soda ash accord- 
ingly. Run the drum for at least one hour after the last addition of soda ash «and 
for 3 min. each hour during the night. Next morning again make a precipitation 
test and again add soda ash accordingly. This can be repeated until the chrome 
liquor is nearly exhausted, although the tanning time may run as long as 3 days. 



Fig. 215. Changing pH Value and Chromic Oxide Content of Chrome Liquor During 

the Tanning of Cowhides. 

In the calf process described, the number of lbs, of chromic oxide fixed by 100 
lbs. of hide substance may vary from 3 to 6 lbs., depending upon the tanning time 
and point to which the pH value is raised, but in this process, the amount fixed will 
vary from 12 to 14 lbs. The leather will be very full, soft and mellow, and it will 
lesist the action of steam up to about 300° F. Taking this process and the calf: 
process as extremes, a whole series of processes can be developed, changing gradu- 
ally fiom one to the other. In this way, the best process for any desired properties 
of the leather can readily be determined. 
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Fig-. 215 shows the changing composition of a chrome liquor used to tan cow- 
hides by a procedure intermediate between the two extremes described. The pack 
of 3000 lbs. pickled weight was given the equivalent of 120 gals, of stock chrome 
liquor in a total volume of 450 gals, and was not neutralized until the following day^ 
when the pH value was 2.20. The liquor was then treated with 15 lbs. of sodium 
bicarbonate in 20 gals, of water, added over a period of one hour, and then the 
drum was run for 4 hours after the last addition of bicarbonate. Then the same 
amount of bicarbonate was added again and the stock remained in the drum until 
the following day. Formerly sodium bicarbonate was commonly used as the neu- 
tralizing agent, but now soda ash is more commonly used because it gives exactly 
the same result and is less expensive and bulky; 1 lb. of soda ash has the same 
neutralizing power as 1.58 lbs. of sodium bicarbonate. 



Fig. 216. Vertical Section of Chrome-tanned Cowhide Leather. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 67 diameters. 

120 grams of Cr 203 per liter means the same as 1 lb. of chromic oxide per gal. 
and 4 grams of NaHCOs per liter means the same as 3i lbs. of sodium bicarbonate 
per 100 gals. 

During the first half-hour of tanning, the pH value of the liquor drops rapidly 
because the acid from the pickled skin diffuses into it. Then the pH value of the 
liquor rises. It is characteristic of chrome liquors that changing their pH values 
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in either direction is always followed by a slow recovery toward the initial pH 
values. There is a sharp rise in pH value upon the addition of bicarbonate, followed 
by a drop with time. The second addition of bicarbonate raises the pH value above 
4.0, and this is followed by a drop. If all the bicarbonate had been added at once, 
the chrome would have precipitated and the stock would have become very grainy 
and discolored. With successive determinations of precipitation value and additions 
only of the amounts of bicarbonate or soda ash called for, the chrome liquor can be 
exhausted and the pH value raised above 6.0 with no precipitation of the chrome, 
all of it combining directly with the hide protein to form leather. 

Fig. 216 shows a cross-section of a typical chrome-tanned cowhide which was 
split for shoe-upper leather. Fig. 217 shows a battery of drums used for chrome 
tanning cowhides. At the left of this picture can be seen the tank used for storing 
the stock chrome liquor. 


Courtesy of Bona Allen, Inc, 

Fig. 217. Showing Battery of Drums Used in Chrome Tanning Cowhides. 

Chrome Tanning Goatskins by Two-bath Process 

In the two-bath process, the sodium dichromate is not reduced to chromic sulfate 
until after it has penetrated through the stock, and it does not combine with the 
hide protein in such manner as to form satisfactory leather until after it has been 
reduced. In some procedures, the bated skins are first treated in a paddle vat with 
a solution of sodium dichromate, and then in another paddle vat with a solution of 
hypo. 

One process in use is as follows: Into a paddle vat of 2500-gals, capacity, 
put 240 lbs. of sodium dichromate dissolved in 2100 gals, of water and add 86 lbs! 
of 66° Baume sulfuric acid. Mix well and dump a pack of 3000 lbs. bated weight 
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of goatskins into it. The stock is taken directly from the bate, after scudding and 
washing. Run the paddle for 2 hours and then take a sample for analysis of its 
acid content. If the stock has not been thoroughly delimed, a certain amount of 
the acid will be neutralized by the lime in the stock, and this must be replaced. 

Filter the sample and pipette 25 cc. of the filtrate into an Erlenmeyer flask. 
Add a few drops of phenolphthalein solution and titrate by adding standard tenth- 
normal sodium hydroxide from a burette until the color of the solution changes 
first from orange red to yellow and then to an orange pink shade, which is a mix- 
ture of the yellow color of the chromate and the violet red of alkaline phenolphtha- 
lein. Note exactly the number of cc. of the standard solution required and sub- 
tract this number from 39.7. Multiply the difference by 4i; this gives the number 
of lbs. of 66° Baume sulfuric acid to add to the paddle vat. For example, if the 
number of cc. of standard solution required to Neutralize the acid in 25 cc. of the 
sample was 30.7, by subtracting this from 39.7 we would get 9.0; multiplying 9.0 
by 4 f, we would get 39, the number of lbs. of acid to add to the liquor in the paddle 
vat. In adding this acid to the liquor, first take out a barrel of the liquor, add the 
acid to it, mix well and then pour the liquor back into the vat with the paddle I'un- 
ning. Run the paddle for an hour after adding the acid and then allow it to stand 
over night. Next morning run the paddle for 30 min. and haul out the stock, pile 
it on wooden horses and allow it to drain for an hour. Then set out the skins to 
make each skin smooth and then put them one by one into the second bath. 

The second bath is made up in a paddle vat of 2500-gals, capacity by filling it 
with 300 lbs. of hypo dissolved in 2100 gals, of water. Immediately before putting 
the skins into this vat, start the paddle running and add 85 lbs. of 66° Baume sul- 
furic acid. Then put all the skins in with the paddle running and continue to run 
the paddle for 3 hours, and for 5 minutes out of each hour until next day. Then 
haul out the stock, put it into a drum, and wash in running water at 70° F. for one 
hour. Then send it to be set out and shaved. 

The first bath contained about twice as much sodium di chromate as the skins 
required; it can be used for about 7 successive packs by analyzing it after each 
use for sodium dichromate and total acid and adding enough sodium dichromate 
and sulfuric acid to restore its composition each time to the same as it was before 
the first pack entered it. Whenever a tanner uses the same liquor for successive 
packs of skins, he should have analyses made to insure against varying composition 
of the liquors. The initial pH value of the first bath will be about 1.6, but this 
is not controlled. It is desirable, however, that the pH value of the used second 
bath shbuld be controlled at about 3.3. 

Many goatskin tanners prefer to use 20° Baume muriatic acid instead of sul- 
furic acid as it produces a leather of slightly different characteristics. In order 
to use muriatic acid in the above procedure, simply use 2.2 lbs. of 20° Baume 
muriatic acid in place of each lb. of 66° Baume sulfuric acid. 

A number of tanners carry on the two-bath process in a single drum. One 
procedure is as follows : Put a pack of 3000 lbs. bated weight into the drum, start 
running and add 120 lbs. of sodium dichromate and 73 lbs. of sulfuric acid dissolved 
in water to make 300 gals, at 70° F. Run drum for 1 hour and then add 85 lbs. of 
66° Baume sulfuric acid in 50 gals, of water at 70° F., followed immediately by 
300 lbs. of hypo dissolved in 150 gals, of water at 70° F. Run drum for 3 hours 
longer and then measure the pH value of the liquor. If it is less than 3.3, add 
enough soda-ash solution over a period of 1 hour to raise it to 3.3, run 1 hour longer 
and then dump the pack, pile it on wooden horses and send to be set out and 
shaved. 
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Fig. 218. ^ Vertical Section of Goatskin Leather Tanned by One-bath Process with 
Liquor Made by Reducing Sodium Dichromate with Sulfur Dioxide. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification : 64 diameters. 
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In reg-ulatiiig- the final pH value of the liquor, it should be noted that at 
pH = 2,9 the leather will be veiy smooth, but somewhat hard and fiat; as the 
pH value is raised to about 3.6, the finished leather becomes softer and fuller, but 
rougher. Individual tanners adjust the pH value according to the properties 
desired in the leather, and according to details of the procedui'es to follow. 

Some tanners use the syntan Leukanol after the hypo, and may add as much 
as 120 lbs. diluted to 60 gals, with water one-half hour after the last addition of 
hypo. This has the effect of increasing the fulness of the leather without the 
necessity of raising the pH value to the point where the leather becomes rough. 

Goatskins also are often tanned by the one-bath process, pickling after bating, 
as described in Chapter 9, and following the procedure given for calfskins. For 
a pack of 3000 lbs. pickled weight, it is customary to use 60 gals, of stock chrome 
liquor (containing the reaction products of 2 lbs. of sodium dichromate per gal.) 
The final pH value is brought to about 3.2. 



Fig. 220. Vertical Section of Boxing-glove Leather (Chrome-tanned Sheepskin). 

Loption: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 32 diameters. 

Fig. 218 shows a cross-section of a typical goatskin tanned by this one-bath 
process and Fig. 219 a goatskin tanned by the two-bath process described, in which 
Leukanol was added after the hypo. The appearance of the fibers is noticeably 
different in the two leathers, and the feel and general characteristics were cor- 
respondingly different. This is not so much because one was made by the one-bath 
and the other by the two-bath process, as because of the difference in chemical com- 
position of the complex chromium salts that combine with the hide protein. When 
the one-bath chromic liquor is made by reducing the sodium dichromate with hypo, 
the leather produced is much more nearly like the two-bath leather. Leukanol can be 
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used with either the one-bath or two-bath process, with much the same effect. 
When using hypo, free sulfur is liberated in very finely divided form, and the 
presence of this sulfur in the leather has a slight effect upon its properties. 

Chrome Tanning Sheepskins by One-bath Process 

A number of tanners chrome tan sheepskins for manufacture into leather for 
garments, boxing gloves, etc. They usually add aluminum sulfate to the chrome 
liquor before tanning because it appears to make the leather somewhat tighter, 
smoother and fuller. Many tanners of other types of leathers also use aluminum 
sulfate in the same way. A typical procedure for sheepskins is as follows : Put a 
pack of 3000 lbs. of pickled sheepskins, after degreasing, into a drum, start it run- 
ning, and add 150 lbs. of aluminum sulfate and 60 gals, of stock chrome liquor 
dissolved in water to make 300 gals, at 80*^ F. Run one hour and then add slowly, 
over a period of one hour, 30 lbs. of soda ash in 30 gals, of water. Run for one 
hour after all the soda-ash solution has been added and then measure the pH value 
of the liquor. If it is below 3.4, add enough more soda-ash solution to raise it to 
3.4, taking one hour to add, run the drum for another hour and then dump and 
pile the stock and let it remain piled over night. Then send to be shaved. Fig. 220 
shows a cross -section of a typical sheepskin tanned by this process for boxing-glove 
leather. Fig. 221 shows a department for chrome tanning both sheepskins and 
goatskins. 



Courtesy of L. H. Hamel Leather Co. 


Fig. 221. Department of Tannery for Chrome Tanning Both Sheepskins and Goatskins. 

Chrome Tanning Sole Leather 

Nearly all sole leather is vegetable-tanned ; some, however, is chrome-tanned for 
special use. Chrome-tanned sole leather has the disadvantage of becoming slippery 
when wet, unless^ it is specially treated, and does not give the yields of leather 
desired unless it is heavily loaded with greases or other materials. On the other 
hand, it has a resistance to abrasion and wear about three times as great as that of 
vegetable-tanned sole leather. It can also be made much more quickly. It has 
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Ftg. 222. Vertical Section of Chrome-tanned Sole Leather from Shoulder of Steer Hide. 


Location: shoulder. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification : 14 diameters, 

the further advantage for special purposes of being much more resistant to heat 
than vegetable-tanned leather. It is unaffected by boiling water, whereas vegetable- 
tanned leather is damaged by contact with water much above 150° F. For the 
best and heaviest types, the butts of steer hides are used, but for boys’ shoes shoul- 
ders and sometimes even bellies are used to keep the cost down. 

The procedure is essentially the same as for calfskins, except for the use of a 
greater amount of chrome based on pickled weight and the increase in tanning time. 
Care must be taken not to add the soda-ash solution until after the stock has been 
completely penetrated by the chrome. Excessive drumming is avoided to prevent 
the stock from breaking up and becoming loose. Usually soda-ash solution is not 
added until after the stock has been in the liquor over night. For heavy butts, 
neutralization with soda ash is apt to be a slow procedure because of the long time 
required for the soda ash to penetrate through the thickness of the hides. It is 
desirable, therefore, to use the precipitation test together with the pH value while 
neutralizing to avoid any precipitation, which would discolor the stock and make 
it grainy. About twice as much chrome liquor should be used on heavy stock as 
for calf, and the tanning time may have to be extended to as long as 3 days. The 
final equilibrium pH value should be about 2.9. Light shoulders can easily be 
tanned in one day. 
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Some tanners do the tanning in paddle vats to avoid making the stock loose 
by excessive drumming and to conserve chrome liquor, but this greatly extends 
the tanning time and necessitates the reuse of liquors. In making up a used 
liquor for a new pack of pickled stock, it is easy to bring the chrome content and 
the pH to their initial values ; but with each successive use, there is an increase in 
the salt content due to the salt brought in by the pickled stock and the salt formed 
by neutralization, as well as to the salt present in the chrome liquor. With increas- 
ing concentration of salts, there is a decreasing fixation of chrome by the hide 
substance. However, some tanners add enough salt to a fresh liquor so that each 
pack carries out of the liquor as much salt as that by which the salt content of the 
liquor is increased by each pack. They then adjust the final pH value to a higher 
level in order to get a greater fixation of chrome. When using the paddle vat, 
each liquor after using should be analyzed for chromic oxide, total acid, sulfates, 
chlorides and pH value, so that the liquor can be made up for the next pack to match 
the standard composition adopted. The methods for these analyses can be found 
in the book “Analyses of Leather,” by Wilson and Merrill. 

The pack should not be taken from drum or paddle vat until it can stand the 
boiling test ; that is, a strip of the leather kept in boiling water for 5 minutes should 
not shrink or curl. After the stock is tanned, it should be piled for 2 days and 
then set out and sent ahead for the subsequent operations. 

Fig. 222 shows a cross-section of chrome-tanned sole leather made from the 
shoulder of a steer hide. This type of leather is used for boys’ shoes. 



Fig. 223, 
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Chrome Tanning Horsehides 

In tanning horsehides, the fronts are usually tanned separately from the butts 
because of their great differences in density and structure. The fronts/ being of 
loose structure, are made into leather for garments, workmen's gloves, etc. The 
butts, being very dense, are often made into the leather for hard use known as shell 
cordovan. 

In tanning the butts, the procedure is essentially the same as for chrome-tanned 
sole leather. For the fronts, it is essentially the same as for cowhides. 



Fig. 224. Vertical Section of Chrome-tanned Horse Front (Glove Leather). 
Location : shoulder. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 29 diameters. 

Fig. 223 shows a cross-section of chrome-tanned horse butt, known as shell 
cordovan, for heavy shoe-upper leather, and Fig. 224 a cross-section of chrome- 
tanned horse front for workmen's gloves. The looseness of structure of the horse 
front stands out in marked contrast to the dense structure of the shell of the butt. 

Chrome Tanning Shearlings 

Sheepskins and lambskins tanned with the wool on are widely used for cheap 
fur coats and other fur garments. The best raw stock is imported as dry shear- 
lings, but some green, salted stock is used. Before tanning, the dry skins are first 
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soaked for 2 days in fresh water at about 50° F., the water after 1 day being 
replaced by fresh water. Green, salted skins are not given this preliminary soak- 
ing, but both types are treated the same after the soaking of the dried skins. 

Tanners of unhaired hides and skins usually use either the bated weight or the 
pickled weight as a basis for determining the amounts of materials to use in tanning. 
These weights are so variable in relation to true hide substance, which is the 
scientific basis for determining the required quantities of materials, as to cause 
much trouble and variation even when carefully controlled. In the case of sheep- 
skins with the wool on, the amount of water carried by them under any set con- 
ditions varies greatly with the length and nature of the wool and with many 
other factors. For this reason, it is customary for the shearling tanner to base 
amounts of materials to use upon numbers of skins of a given type. He divides 
the incoming skins -into packs of different average weight and kind, according to 
his recorded previous experience. 

For an average lot of 75 skins, either dry skins that have been soaked 2 
days or green, salted skins as received, proceed as follows : First trim the lot 
and then put into drum and wash in running water at 80° F. for 10 min. and 
drain. Dissolve 12 lbs. of soda ash and 9 lbs. of oleate soap in 15 gals, of water at 
100° F., add 3 gals, of naptha, mix well and add to the drum while running. Run 
for 15 min. and then dump and pile the skins. Then flesh the skins and examine 
the wool for card marks. Remove these card brand marks by rubbing them thor- 
oughly by hand with soap solution made by dissolving 8 oz. of oleate soap in 1 gal. 
of water. After rubbing the marks thoroughly with soap solution, let stand for 10 
min. and rinse with cold water. 

Then put the lot of skins back into the drum for the second degreasing. Add 
15 lbs. of oleate soap and 6 lbs. of soda ash dissolved in 18 gals, of water at 100° F., 
run 15 min. and drain. Wash the stock in running water at 85° F. for 10 min. 
and drain. Then wash in running water at 60° F. for 5 min., haul out the stock, 
pile on wooden horses and let stand for ^ hours to drain. Assort according 
to average weight, length of wool, damage, etc. into packs of about 500 average 
skins and send to be tanned. 

In chrome tanning skins with the wool on, it is important to minimize, as 
far as possible, combination of chrome with the wool, which may seriously impair 
the appearance of the wool after dyeing. For this reason, the methods of chrome 
tanning found best for unhaired skins cannot be used. 

Into a paddle vat of 2500-gals, capacity, put 1250 lbs. of salt and enough 
water at 70° F. so that the addition of the 500 skins will just fill the vat to 
the 2300-gal. mark. Make sure that all the salt is dissolved and then dump in the 
skins. Run the paddle for 5 min. and then add slowly 40 lbs. of 66° Baume sulfuric 
acid in 40 gals, of water. After all the acid is in, run for 30 min. and add 40 lbs. 
of aluminum sulfate in 40 gals, of water. Run 30 min. longer and let stand over 
night. Next morning run the paddle for 5 min. and then add 40 lbs. of aluminum 
sulfate in 40 gals, of water and run for 30 min. '‘Let stand for 3 hours and add 
80 lbs. of chrome alum in 50 gals, of water, run for 1 hour and let stand over 
night. Next morning, run paddle for 15 min. and then add 6 lbs. of soda ash in 
6 gals, of water over a period of 45 min., run for 30 min. longer and let stand 
for 3 hours. Then run for 5 min. and determine the pH value of the liquor. 
If it is above 3.2, add no more soda ash; if below 3.2, add just enough more soda- 
ash solution to bring the pH value to 3.2. It is desirable to control the addition 
of soda ash with both the precipitation test and pH value. Never add soda-ash 
solution in such quantity or at such speed as to raise the pH value above 3.2, or to 
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start precipitation of chrome. Always run the paddle for 20 min. after any addition 
of soda ash. When the pH value has been brought to 3.2, let stand over night. 

Next morning, bring the pH value to an equilibrium pH value of 3.2, haul out 
the stock and send it to be wrung out. The subsequent operations will be described 
in Chapter 17. Fig. 225 shows a cross-section of chrome-tanned shearling taken 
after finishing. 



Fig. 225. Vertical Section of Chrome-tanned Shearling. 

Location : butt. 

Thickness of section: 30 microns, or 000118 inch. 

Magnification: 75 diameters. 

Commercial One-bath Chrome-tanning Materials 

After the development of one-bath chrome tanning by Martin Dennis, manu- 
facturers were quick to place on the market prepared materials ready for use, 
such as Tanolin by The Martin Dennis Company and Korean by Rohm & Haas 
Company. These materials are prepared both as solids and as liquids and of dif- 
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ferent compositions for special uses, letters being placed after their names to indi- 
cate the composition and use. Many tanners prepare their own one-bath liquors 
to effect an economy, but others believe that the premium charged is a small price 
to pay for having their materials manufactured by specialists. The methods for 
making one-bath chrome liquors, both with sugars and with sulfur dioxide, were 
described above to help a tanner to make his own where he found it to his advantage. 
In the procedures described above, the sulfur dioxide liquor was taken as the stand- 
ard, because it is easier to make it of constant composition than the sugar liquors, 
which differ greatly in composition and in properties when made in different ways. 
Manufacturers of one-bath chrome-tanning materials sometimes use both sugars 
and sulfur dioxide, and sometimes add aluminum sulfate and other substances to 
impart special properties to the tanning materials. Details of their methods of 
manufacture are kept secret to safeguard them against competition. 

Chrome Tanning for White Leathers 

Vegetable-tanning and chrome- tanning comprise the two major tannages, but 
both impart color to the hides and skins — ^the former various shades of tan and 
the latter shades from green to blue. White leathers are often tanned with sub- 
stances which impart no color to the hides and skins, such as aluminum sulfate, 
formaldehyde, Leukanol, sodium tungstate, Calgon, etc., which will be described 
in Chapter 13. In order to give white leathers some of the desirable properties 
resulting from chrome-tanning, some tanners include chrome-tanning in the pro- 
cedure and then lessen or mask the color in various ways. In chrome-tanning, the 
less chrome fixed by the hide substance and the greater the acidity of the chromium 
complex in the leather, the lighter is the color produced in the leather. When the 
color is made a very light blue, it is easy to mask it by the use of inert white 
pigments. ’ 

An old method was to follow the procedure given above for calfskins, except that 
the amount of chrome liquor was cut in half, and one-half pound of salt per gallon 
of chrome liquor was added, raising the pH value only to 2.8. The stock then 
would not stand the boiling tests. It was set out, split and shaved and returned 
to the tanning drum. The procedui*e for a pack of 1000 lbs. shaved weight (about 
500 lbs. dry weight) is as follows: Put pack into drum and wash in running 
water at 70° F. for one hour. Drain and add 120 gals, of water at 90° F. Run 
and start adding slowly 50 lbs. of hypo dissolved in 50 gals, of water at 90° F., 
taking one hour to add. Run 30 min, longer and add 50 lbs. of Leukanol in 25 gals, 
of water at 90° F. Then run for one hour and drain. Wash in running water at 
90° F. for 15 min. and drain. Add 30 lbs. of barium chloride in 60 gals, of water 
at 90° F., run 1 hour, pile on truck and let stand over night. 

Next day put pack back into drum, add 30 lbs. of anhydrous Glauber’s salt in 
120 gals, of water at 70° F., run for 1 hour and drain. Wash in running water at 
140° F. for 10 min. and drain. Add 80 lbs. of Titanox A (titanium dioxide) 
stirred up with 80 gals, water at 140° F. and run 5 min. Then add 50 lbs. of sul- 
fonated coconut oil in 120 gals, of water at 140° F. Run 30 min., dump the pack, 
pile on trucks and let stand over night. Next day set out the stock as smoothly 
as possible, apply a coat of white pigment finish to the grain, as described in 
Chapter 17, and send to be dried. 

In the following procedures for chrome-tanning stock for white leathers, the 
tanning material is a commercial product known as Tanolm-W2XD and manu- 
factured by Martin Dennis Company. A stock liquor is prepared by adding 1000 
lbs. of Tanolin-W2XD to boiling water, in sufficient quantity to make 300 gals, of 
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liquor after cooling-. After adding the TanoliivW2XD to the boiling water, the 
liquor should be boiled for 5 min. and allowed to cool to 85° F, 

Chrome Tanning Cowhides for White Leathers 

Take the stock after pickling, as described in Chapter 9. Put a pack of 1000 
lbs. pickled weight into the tanning drum and add 60 lbs. of salt in 50 gals, of 
water at 85° F, and run 10 min. To 30 gals, of the stock Tanolin-W2XD liquor 
add 20 lbs. of formaldehyde and adjust the temperature to 85° F. Add one-third of 
this liquor to the drum and run 30 min. Add the second third and run 60 min. ; 
then add the last third and run 90 min. Then dissolve 6 lbs. of soda ash in 30 
gals, of water, add 10 gals, to the drum at once, and run 45 min. ; add the second 
10 gals, and run 60 min., and then add the last 10 gals, and run 60 min. The stock 
should then stand the boiling test, but, if it does not, add more soda ash solution 
cautiously until it does. Then drain and wash the stock in running water at 70° F. 
for 10 min. Then horse the stock and let stand over night. 

Next day set out, split and shave and return to drum. Put a pack of 1000 lbs. 
shaved weight into drum and add 50 lbs. of flour and 50 lbs. of Ti-Pure-LW 
(Martin Dennis Co.) in 20 gals, of water at 120° F. Run 15 min. and add 271 lbs. 
of Acidolene-243 in 80 gals, of water at 130° F. Run 30 min., dump and pile on 
horses and let stand over night. Next day, set out and hang to dry. 

Chrome Tanning Goatskins for White Leathers 

Take the stock after pickling, as described in Chapter 9. Put a pack of 1000 
lbs. pickled weight into the tanning drum and add dry 50 lbs. of salt and 50 lbs. 
of crystalline Glauber’s salt and run 15 min. Then add dry 60 lbs. of flour and 
50 lbs. of Colloidal Clay-A (Saxe-Rushworth Co.) and run 10 min. 

To 30 gals, of the Tanolin-W2XD stock liquor add 10 lbs. of formaldehyde and 
dilute with water to make 40 gals, at 100° F. Add one-half of this liquor and run 
30 min. and then the other half and run 90 min. Dissolve 6 lbs. of soda ash in 
40 gals, of water at 85° F. Add 20 gals, and run 15 min., and then the remaining 
20 gals.; run 45 min. and drain. Wash in running water at 85° F. for 45 min., 
horse the stock and let stand over night. Next day, set out, shave and weigh as 
shaved weight. 

Put pack of 1000 lbs. shaved weight into drum and wash in running water at 
85° F. for 15 min. and drain for 15 min. Mix 20 lbs. of Tanagan-DLN (General 
Dyestuff Corp.) with 50 gals, of water at 145° F., add to drum and run for 30 min. 
Drain and wash in running water at 100° F. for 10 min. and then drain for IS min. 
Add 240 gals, of water at 125° F. and run for 1 min. Add 60 lbs, of Acidolene-283 
(Martin Dennis Co.) in 30 gals, of water at 125° F., run 20 min. and add 30 lbs. of 
Ti-Pure-LW (Martin Dennis Co.) mixed with 30 gals, of water at 125° F. and 
run for 20 min. Horse the stock and let stand over night. Next day set out on 
flesh side, hang to sammy and then tack or toggle on frames to dry. 

Chrome Tanning Pickled Sheepskins for White Leathers 

Take pickled stock after degreasing and put 1000 lbs. of original pickled weight 
of stock into the tanning drum. Add 90 lbs. of salt and 2.5 lbs. of 66° Baume 
sulfuric acid in 90 gals, of water at 80° F. and run 30 min. Add 15 gals, of stock 
Tanolin-W2XD liquor as 80° F. and run 30 min. Then add 15 gals, of stock 
Tanolin-W2XD liquor at 80° F. and run 90 min. Dissolve 9 lbs. of soda ash in 
30 gals, of water at 85° F. Add 10 gals, of this solution and run 30 min. Then add 
the second 10 gals, and run 30 min. Add the last 10 gals, and run 60 min. If 
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stock then will not stand the boiling test, add more soda-ash solution cautiously 
until it will. Drain and wash with running water at 70° F. for 5 min. and then 
haul out and flesh. 

Put back into drum and wash in running water for 15 min. at 70° F. and then 
for 15 min. at 120° F., and drain. Add 30 lbs. of titanium dioxide and 100 lbs. 
of flour mixed with 20 gals, of water at 120° F., and then 30 lbs. of Acidolene-209 
(Martin Dennis Co.) in 80 gals, of water at 125° F. Run 30 min. and horse the 
stock. Let stand over night and then set out and hang to dry. 

Chrome Tanning Sheepskin Skivers for White Leathers 

Frequently pickled sheepskins are split into grain layers, called skivers, and 
flesh layers used for making chamois leather. The skivers are used for hat bands, 
bookbinding and many other purposes. One method of tanning for whites is 
as follows : Put 1000 lbs. pickled weight into a tanning drum, add 80 lbs. of salt 
in 100 gals, of water at 80° F. and run for 5 min. to open them up and take the 
creases out. Drain and add 50 lbs. of salt in 50 gals, of water at 80° F. and run 
5 min. Then add 16 gals, of stock Tanolin-W2XD liquor and run 30 min. Add 
16 gals, more of the stock Tanolin-W2XD liquor and run 2 hours. Dissolve 9 lbs. 
of soda ash in 9 gals, of water. Add 3 gals, and run 30 min. ; add 3 gals, more and 
run 30 min.; then add the remaining 3 gals., run 60 min. and drain. Wash in 
running water at 90° F. for 10 min., then at 120° F. for 5 min., and drain. Dis- 
solve 40 lbs. of starch in 30 gals, of boiling water, cool to 125° F. and stir into it 
IS lbs. of Colloidal Cla 3 ^-A (Saxe- Rush worth Co.) and 7i lbs. of titanium dioxide. 
Add to the drum and run 20 min. Then add 90 lbs. of Acidolene-N-14-B (Martin 
Dennis Co.) in 50 gals, of water at 125° F., run 30 min. and pile on horses. 

All the foregoing procedures may be applied to practically any type of pickled 
stock. For example, kangaroo skins may be tanned exactly like goatskins by either 
the one-bath or two-bath processes. With hogskins, it is necessary merely to make 
sure that the chrome has completely penetrated the stock before adding the soda ash 
solution, and then to add soda ash according to the precipitation figure, increasing 
both pH value and time of tanning according to the degree of softness desired in 
the leather. 

Effect on Chrome Tanning of Adding Salts of Organic Acids 

Before tanners learned how to control the manufacture of one-bath chrome 
liquors by reducing sodium dichromate with sugar and acid, chromei liquors were 
sometimes obtained that had no tanning properties at all, regardless of' the amount 
of alkali added; in fact, such liquors could be made alkaline and no precipitation of 
chrome would occur. Procter and Wilson investigated this in 1915, and found that 
the trouble arose from organic acids that are produced during the oxidation of the 
sugars by the sodium dichromate. They showed that the addition of large amounts 
of salts of organic acids to a chrome liquor destroyed its tanning properties and 
prevented the precipitation of chrome upon the addition of alkali. In fact, they 
showed that fully chrome-tanned leather could be completely detannized and con- 
verted into raw collagen by treatment with salts of organic acids. 

This discovery naturally attracted a great deal of attention and resulted in 
much research work on the effect on chrome tanning of different kinds of organic 
acids and their salts. It was found that these salts? form exceedingly complex 
chemical compounds with basic chromic sulfate and markedly alter its tanning 
properties. By adding increasing amounts of such salts, it was found that the 
pH value at which precipitation of the chrome occurs increases until it will not 
precipitate upon the addition of any amount of alkali. However, when this point 
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is reached, the chrome liquor loses all its tanning properties. At the same pH 
value, chrome concentration, temperature and time of tanning, the fixation of 
chrome by hide substance decreases with increasing amounts of such salts added. 
If, on the other hand, for each small addition of the organic-acid salts, soda 
ash is added to keep the pH value at a point just under that at which precipitation 
takes place, more chrome can be fixed in some cases than if no organic-acid salt 
was added. Using these salts in this way, leather can be produced that is fuller 
and that provides a greater thickness and area yield that is very desirable. Many 
tanners use sugars in making their chrome liquors because of the effects of the 
organic acids which are formed as a by-product. Because it is exceedingly diffi- 
cult to control the formation of organic acids in the reduction of sodium dichro- 
mate with sugars, the writer has preferred to make the chrome liquor with sulfur 
dioxide and then to add the specific organic-acid salts that give the best results. 
In the writer’s experience, one of the most advantageous salts to use is sodium 
formate. A description of its use follows. 

Tanning Calfskins with Chrome Formate Liquor 

Take the calfskins directly from the bate, without pickling. Put a pack of 
1000 lbs. bated weight into the tanning drum. To 30 gals, of the stock sulfur 
dioxide chrome liquor (containing the reaction products of 2 lbs. of sodium dichro- 
mate per gal.) add 55 lbs. of sodium formate dissolved in 30 gals, of water and 
mix well. To the stock in the drum, add 40 gals, of water at 80° F., start the 
drum running and add the chrome-formate liquor at 80° F. When the skins 
have been completely penetrated by the chrome, as shown by examing cuttings, 
start adding 15 lbs. of soda ash dissolved in 20 gals, of water at 80° F., taking 
1, hour to add. Run for 1 hour after all the soda ash has been added and measure 
the pH value of the liquor. If it is 5.2 or higher, drain off the liquor and wash 
the stock in running water at 70° F. for 1 hour, haul out and send to be set out 
and shaved. If the pH value is less than 5.2, raise it to this value by the cautious 
addition of soda ash, and then proceed to drain and wash. 

Some tanners prefer to tan the stock over night because in this way they 
more nearly exhaust the chrome liquor and get a correspondingly greater fixation 
of chrome. The writer has tanned light calfskins by this method so that they 
would stand the boiling test only 30 min. after adding the chrome liquor and with- 
out the addition of any soda ash. The finished leather made by this rapid process 
was excellent. As a rule, a more economical use of materials can be made by 
keeping the stock in the liquor over night. However, in times of forced pro- 
duction, the capacity of the plant can be greatly increased by using the rapid 
method. 

When using this method for heavy steerhides for sole leather, if the stock has 
not been thoroughly delimed, the pH value may be raised to such point that pene- 
tration of the chrome into the thickest parts of the stock may take as long as 24 
hours. By using pickled stock, the rate of penetration is greatly increased, but 
the pH value must be raised to a higher level. 

Comparing calfskins tanned by this procedure with those tanned by the pro- 
cedure given first in the chapter, we find that this use of sodium formate has 
made the final leather fuller and plumper; its chromic oxide content has been 
increased by one-half and it gives up water more rapidly. When the stock is 
set out after coloring and hung to dry in the same drying tunnel under the same 
conditions, the chrome formate leather dries in about one-quarter of the time 
required for the leather without formate. 
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The application of the chrome formate tannage to all types of raw stock is 
evident from the descriptions of the regular tannage given above. 

At this point in the chapter, we have completed our descriptions of practical 
procedures in chrome tanning. Before proceeding to some of the more scientific 
aspects of chrome tanning, it seems desirable to say something about the mate- 
rials used in the construction of drums and paddle vats used in chrome tanning. 
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Materials Used in the Construction o£ Drums and Paddle Vats 

In most chrome-tan yards, the drums and paddle vats are made of wood, such 
as cypress or redwood, held together with brass bolts. Sometimes iron bolts are 
used, their heads being heavily copper-plated where contact is made with the 
liquors inside of the drum. Great care is usually exercised to avoid any contact of 
iron with the acid liquors used in pickling and chrome tanning. 

The rapid corrosion of iron by the acid liquors causes great losses, not only 
because of the necessity of frequent replacement, but because the liquors become 
contaminated with iron and may cause serious discolorations of the finished leather. 
Moreover, corroded bolt heads inside the drum may develop sharp edges that will 
scratch the skins during the running of the drum, and losses from this source 
might become very heavy before they were discovered. The hollow gudgeon and 
plates inside the drum where contact is made with the liquor should never be 
made of ii*on. 



ii 


Courtesy The International Nickel Co., Inc. 

Fig. 227. Inside of Wooden Drum Lined with Inconel Metal. 

Curiously enough, the one-bath chrome liquors seem to have no deleterious 
effect upon wood, but rather a marked preservative action. On the other hand, 
pickle liquors and the acid dichromate liquors used in the two-bath tannage are 
so destructive of wood that the equipment must occasionally be replaced. 

Probably the most corrosive liquor used in the tannery is the first bath of the 
two-bath process. The corrosive action of the acid is greatly increased by the 
oxidizing action of the dichromate. In tests conducted under plant operating con- 
ditions where the two-bath process was in use, it was found, of course, that iron 
could not be used at all. The corrosion rate for yellow brass was 0.139 inch per 
year, and the brass became dezincified. For copper, it was 0.039 inch per year 
and for Monel metal (an alloy of nickel and copper), it was only 0.006 inch- per 
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year. Recently -a new alloy has become available for tannery use under the name 
of Inconel. It is an alloy of nickel and chromium and it is much more resistant 
to corrosion than even Monel metal. In a test on the long storage of sulfonated 
oils, it was found that the corrosion rate for Monel metal was only 0.00036 inch 
per year, but for Inconel it was only 0.0000025 inch. 



Courtesy Allied Kid Co, 


Fig. 228. Battery of Drums Used for Chrome Tanning Goatskins. 

M-metal tannery drums of Inconel are now being used in a number of tan- 
neries, apparently with great success. Such a drum is shown in Fig. 226 being 
used for chrome tanning goatskins. Although the initial cost of such drums is 
higher than that of wooden drums, they eventually pay for themselves. They 
are of much lighter construction than the wooden drums and save in power 
requirements. There is practically no corrosion to require replacements. The 
inside always remains smooth, to_ insure the stock against the development of 
rough edges and scratching. Unlike wood, the metal is non-absorbent, and the 
same drum can be used for any operation in the tannery. After being used for 
dyeing black leather, a drum can readily be cleaned and used at once for tatini'nir 
white leather. 

In order to avoid the initial cost of all-metal drums, some tanners are having 
their_ wooden drums_ completely lined inside with Inconel. Such a lining is shown 
in Fig. 227. The lining is of 0.062-inch standard sheet welded into the drum in 
position. This drum is 8 ft. in diameter by S ft. wide and equipped with shelves 
instead of the usual pegs for lifting the stock. 
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Wooden paddle vats are lined in the same way with Inconel. This metal is 
so resistant to corrosion that many tanners are finding it desirable to use measur- 
ing pails made of it and to use it wherever corrosion is annoying. 

Fig. 228 shows a battery of drums used in chrome tanning goatskins. The 
two to the right are made of Inconel and the others of wood. These are the 
first solid Inconel drums to be used in a tannery. 

General Properties of One-bath Chrome Liquors 

The chemistry of chrome tanning is exceedingly complex. Out of the vast 
amount of work done on the chemistry of chrome tanning have come many facts 
with which the tanner with no knowledge of chemistry can and should become 
familiar, because a knowledge of the available facts will enable him to operate 
his plant more efficiently and guide him in making valuable improvements. Many 
of the graphs presented were prepared for chemists; but, as this book is written 
for readers with no knowledge of chemistry, wherever scientific terms appear, 
they will be interpreted in the language of the layman. 

Effect of Concentration of Chrome Liquor on Its pH Value 

Where the term “commercial chrome liquor’^ is used in what follows, it refers 
to the basic chromic sulfate manufactured and sold by Martin Dennis Co. under 
the name of Tanolin-T, Comparative results are given for pure chromic sulfate, 
which has no basicity (or an acidity of 100 percent). The expression “120 grams 
CrsOa per liter’^ means that the chromic oxide content of the chromic sulfate or 
basic chromic sulfate in the liquor is equal to 1 lb. per gallon. 


Fig. 229. 

Effect of Concentration of Chromic 
Sulfate and of Tanolin and also of 
Time on the pH Values of the Chrome 
Liquors. 


COMMBRCIAI CHROME XIQU0R| 
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Thomas and Baldwin made a long series of studies of the effects of various 
treatments of chrome liquors upon their pH values. Fig. 229 shows the effect 
of increasing concentrations of pure chromic sulfate and' of Tanolin upon the pH 
values of the liquors and the further change of pH values with time. Both 
materials being acid, increasing their concentrations causes an increase in acidity ; 
that is, a lowering of pH value. Since the pure chromic sulfate had no basicity, 
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or an acidity of 100 percent, it naturally lowered the pH value more than Tanolin, 
which had a basicity of 40 percent, or an acidity of 60 percent. The continuous 
lines show the pH values taken immediately after the substances dissolved, before 
time enough was allowed for equilibrium to be established. Tne broken lines 
show the pH values taken after the liquors had stood for 7 or 9 days, as indicated 
on the graphs. The pure chromic sulfate slowly continues to hydrolyze (react 
chemically with water), forming basic chromic sulfate and liberating free sulfuric 
acid, which gradually lowers the pH value. The Tanolin, being initially veiy 
basic, also hydrolyzes, but it tends to form a less basic chromic sulfate by com- 
bining with sulfuric acid and raising the pH value. 



C.C. Added 0,2N HgSO^ or NaOH 
in 50 C.C. Liquor Containing 
0.695 Grams Chromic Oxide 


Fig. 230. 

Effect of Adding Acid or Alkali to 
Chrome Liquors upon Their pH 
Values and the Subsequent Changes in 
pH Value with Time. 


Effect of Adding Acid or* Alkali to a Chrome Liquor on Its pH Value 

Thomas and Baldwin next turned their attention to the effect of adding sulfuric 
acid (H 2 SO 4 ) or caustic soda (NaOH) to chrome liquors upon the pH values 
of the liquors and upon the subsequent changes in pH value with time of standiiig. 
Each chrome liquor had a strength equivalent to IH lbs. of chromic oxide in 100 
gals. In Fig. 230, the addition of 10 cc. of 0.2N H 2 SO 4 in SO cc. of liquor con- 
taining 0.693 gram of chromic oxide means the same as the addition of II lbs. 
of 66° Baume sulfuric acid to 100 gals, of chrome liquor containing Hi lbs. of 
chromic oxide. The addition of 10 cc. of 0.2N NaOH in SO cc. of liquor con- 
taining 0.693 gram of chromic oxide means the same as the addition of li lbs. of 
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pure caustic soda to 100 gals, of chrome liquor containing IH lbs. of chromic 
oxide. The pH values of the commercial Tanolin liquors are all higher than those 
of the corresponding liquors of pure chromic sulfate. In both, the addition of 
increasing amounts of acid causes decreasing pH values, as would be expected. 

The very significant fact is that the pH values continue to change for a long 
time after the addition of alkali. If acid has been added, the chromic salt slowly 
removes acid from solution, making itself less basic, and raising the pH value of 
the liquor. If caustic soda has been added, the chromic salt slowly gives up acid, 
making itself more basic, and lowering the pH value of the liquor. It should be 
emphasized that such slow changes always take place after any addition of acid 
or alkali to a chrome liquor. In fact, they take place after dilution or the addition 
of any material to a chrome liquor. 

Changes in the basicity of a chromic salt cause changes in the properties of 
leather tanned with it. If a chrome liquor is made up and used immediately, it will 
produce leather of slightly different characteristics from the leather that would 
be produced from the same liquor after standing for a day before use. When 
soda ash is added to a chrome liquor during tanning to raise the pH value, it 
will be found that the pH value will fall again after the addition. This is shown 
in Fig. 215. Probably no true equilibrium is ever established in chrome tanning, 
but these facts show the necessity for keeping all variable factors the same during 
tanning, if uniform results are to be expected. 

Effect of Adding Neutral Salts to a Chrome Liquor on Its pH Value 

Thomas and Baldwin then turned their attention to the effect of adding dif- 
ferent neutral salts to chrome liquors upon the pH values of the liquors and upon 
the subsequent changes in pH value with time of standing. It may be wondered 
why a salt, being neutral, should either raise or lower the pH value of a solution. 
Common salt (sodium chloride) is neutral, but if added to an acid solution, it 
will lower its pH value. Glauber^s salt (sodium sulfate) is also neutral, but if 
added to an acid solution, it will raise its pH value. These effects take place in 
pure solutions of hydrochloric acid with no chromium salts present. When chromic 
salts are present, the effect is complicated by the changes that take place in the 
chromic salts. 

Fig. 231 shows the effect of adding different salts to liquors made from Tanolin 
and those made from pure chromic sulfate. The term “moles salt per liter’’ means 
the molecular weight of the salt taken in grams and dissolved in water to make a 
solution having a volume of 1 liter. The tanner can readily convert moles per 
liter into lbs. per gal. as follows. Various handbooks of chemistry are available 
which give the molecular weights of different substances. By looking up sodium 
chloride, he will find that it has a molecular weight of 58.45. This means that a 
solution containing 1 mole per liter contains 58.45 grams per liter. A solution 
of 1 lb. per gal. is the same as one of 120 grams per liter. Dividing 58.45 by 
120, we get 0.487. A solution containing 1 mole of sodium chloride per liter 
thus contains 0,487 lb. per gal. 

A tanner may buy sodium sulfate in two different forms, anhydrous Glauber’s 
salt (Na2S04), which has a molecular weight of 142.05, and crystalline Glauber’s 
salt (Na2SO4.10H2O), which has a molecular weight of 322.21. In order to make 
a solution of 1 mole of sodium sulfate per liter, it is thus necessary to add either 
1.184 lbs. of anhydrous Glauber’s salt or 2.685 lbs. of crystalline Glauber’s salt 
per gal. Ammonium sulfate and magnesium sulfate were included in the tests 
merely to get a better understanding of the chemistry of the changes. All solu- 
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tions contained 13.86 grams of chromic oxide per liter, or 0.115 lb. per gal. 
Adding increasing amounts of common salt (sodium chloride or NaCl) results 
in a steadily decreasing pH value, both in the Tanolin and pure chromic-sulfate 
solutions. Upon standing for 30 days, chromic-sulfate solutions increase 
in pH value, because the chromic sulfate is taking sulfuric acid from the solu- 
tion to make itself less basic. In the case of the Tanolin, at lower concen- 
trations of salt, the pH values rise because the chromic sulfate is taking acid 
from the solution to become less basic. At higher concentrations of salt, the 
pH values decrease with time because the chromic sulfate is giving up acid to 
the solution, making itself more basic. 

When increasing amounts of Glauber's salt are added to the Tanolin liquor, 
the pH value rises until it reaches a point of maximum and then decreases. The 
rise in the curve is due primarily to the effect of sodium sulfate on acid solutions, 
but the fall is due to complex chemical reactions between the sodium sulfate and 
the chromic sulfate. 



Fig. 231. 

Effect of Adding Dif- 
ferent Kinds and Amounts 
of Neutral Salts to 
Chrome Liquors on Their 
pH Values and the Sub- 
sequent Changes in pH 
Value with Time. 


In order to show the nature of the change of pH value of the Tanolin liquor 
with time after the addition of 0.974 lb. common salt per gal., the data shown in 
Fig. 232 were obtained. 

Even 15 days after the salt was added, changes are still going on, and these 
are reflected in the changing pH value. 
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Effect of Concentration of Chrome Liquor 
on Fixation of Chrome by Hide Substance 

Studies o£ the effect of concentration of Tanolin liquors 
chrome by hide substance have been made by Baldwin and by Thothas J 

using hide powder for the experiments. 


Fig. 232. 

Change of pH Value 
of Tanolin Liquor with 
Time After the Addition 
of 0.974 lb. of Sodium 
Chloride per Gal. 



In each test an amount of hide powder containing S grams of hide substance 
was put into a wide-mouth bottle and covered with 200 cc. of Tanolin liquor con- 
taining a definite amount of chromic oxide. The bottle was shaken at intervals 
for 48 hours and then the tanned powder was washed free from soluble matter, 
dried and analyzed, and the pH value of the used liquor measured. 

No materials were used except the hide powder and Tanolin liquor, and no 
attempt was made to control the pH value of the liquors. In order to make the 
results more readily intelligible to the tanner, the writer has drawn the new chart 
shown in Fig. 233. 

With increasing concentration of chrome, the percentage of chrome fixed by the 
hide substance increases to a maximum and then decreases with further increase 
in concentration. Fig. 229 shows that the pH value of Tanolin liquors decreases 
with increasing concentration of the Tanolin. In Fig. 233, the pH values of the 
used liquors have been inserted for the tests at higher concentrations than that at 
which maximum fixation of chrome took place. Since chrome fixation decreases 
rapidly with decreasing pH value, it is clear that a large part of the decreasing 
fixation of chrome at greater concentrations must be attributed to the decreasing 
pH value of increasing concentration of Tanolin. It is interesting to note that 
maximum fixation of chrome occurs at about the concentration of chrome and pH 
value that are commonly used in chrome tanning. 

Effect of Added Salts on Chrome Tanning 

Although the addition of sodium sulfate to an acid solution raises the pH 
value and the addition of sodium chloride lowers it, Wilson and Gallun showed 
that the addition of either salt to a chrome liquor decreases the fixation of chrome 
by hide substance. Thomas and Foster studied this action in a series of tests 
with hide powder. They used a pure chrome liquor made by reducing sodium 
dichromate with sulfur dioxide. Portions of hide powder containing 5 grams of 
hide substance each were placed in wide-mouth bottles, covered with 50-cc. por- 
tions of water and allowed to soak over night. Either sodium chloride or 
sodium sulfate was added to give the final concentrations desired, and then 150-cc. 
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portions of the chrome liquor were added to give final concentrations of chrome 
equal to 12,9 lbs. of chromic oxide per 100 gals. The bottles were shaken for 
48 hours and then the tanned powders were washed free from soluble matter, dried 
and analyzed, and the pH values of the liquors were measured. 



Lbs* Chromic Oxide per 100 Gals* chrome Liquor 

Fig. 233. Effect of Concentration of Tanolin Liquors on the Fixation of Chromic 
Oxide by Hide Powder in 48 Hours. 

The results are shown in Fig. 234. The pH values shown on the chart are those 
of the liquors taken after tanning. Increasing concentrations of either salt 
decrease the fixation of chrome by hide substance very markedly. The effect of 
sodium sulfate is greater than that of sodium chloride in spite of the fact that 
sodium sulfate actually raises the pH value of the chrome liquor. The effect of 
the added salt upon the pH value of the liquors undoubtedly has much to do with 
the final result, but the added salts not only alter the pH value, but produce other 
effects that rank in importance with pH value. For example, the writer has found 
that the addition of neutral salts to a chrome liquor increases the amount of 
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alkali required* to start precipitation of the chrome. It also necessitates increasing 
the pH value of the chrome liquor in order to get the same amount of chrome 
fixed by the hide substance. 

Effect of pH Value and of Added Salts on Chrome Tanning 

In order to show how the effect of pH value on chrome tanning is influenced by 
the addition of various salts, the writer carried out a series of experiments in 
which 10-gram portions of air-dry hide powder (each containing 8.7 grams of hide 
substance) were tanned for 24 hours in 100-cc. portions of chrome liquor to which 
different kinds and amounts of salts had been added. The chrome liquor was made 
by reducing sodium dichromate with sulfur dioxide. This was used in all tests 
except No. 1, where it was desired to get the effect with no salt present. The 
liquors for the No. 1 series were made by adding barium hydroxide in different pro- 
portions to solutions of pure chromic sulfate. The barium hydroxide precipitated 
the sulfuric acid from the chrome liquors, leaving in solution only a series of pure 



Fig. 234. Effect of Added Salts on the Fixation of Chromic Oxide by 
Hide Powder in 48 Hours. 


basic chromic sulfates increasing in basicity from 16 to 36 percent. These liquors 
contained no salt other than the basic chromic sulfate ; only the liquors freed from 
the barium sulfate were used. 

In making chrome liquor from sodium dichromate and sulfur dioxide, for each 
pound of chromic oxide there is formed 0.93 lb. of sodium sulfate. This salt was 
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Ifi Value of iTsed Chrome Liquor 

Fig. 235. Effect of Added Salts and of pH Value on the Fixation of Chromic Oxide 
by Hide Powder in 24 Hours. 

Per 100 gals, chrome liquor: 

1. no salt (sodium sulfate removed). 

2. 25.6 lbs. sodium chloride. 

3. 51.2 lbs. sodium chloride. 

4. 12.8 lbs. sodium chloride, 14.9 lbs. sodium formate. 

5. 25.6 lbs. sodium chloride, 29.8 lbs. sodium formate. 

6. 59.6 lbs. sodium formate. 

7. 44.0 lbs. sodium oxalate. 

8. 58.7 lbs. sodium oxalate. 
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left in the liquors of all other series. In each test of each series, the 100 cc. 
of chrome liquor was made to contain 2 grams of chromic oxide, which is the 
equivalent of 171 lbs. of chromic oxide per 100 gals, of liquor. This means that all 
liquors, except those of series No. 1 contained the equivalent of 16.3 lbs, of 
sodium sulfate per 100 gals, in addition to the added salts as indicated in Fig. 235. 

In each test of each series, exactly 10 grams of air-dry hide powder containing 
8.7 grams of actual hide substance was shaken with 100 cc. of chrome liquor for 24 
hours. This is equivalent to 72k lbs. of hide substance per 100. gals of liquor. 
Approximately this amount of hide substance is contained in 360 lbs. pickled weight 
of calfskins. 

After tanning, the tanned powders were washed in running distilled water 
for 24 hours to free them from soluble matter. They were then dried and analyzed 
for chromic oxide and hide substance. The results are shown in Fig, 235. 

The amounts of salts indicated in Fig. 235 were added before the dilutions 
were made to final volume. The adjustments of pH value were also made before the 
final dilution, using caustic soda or sulfuric acid, as required. No such adjust- 
ments had to be made for series No. 1, because this was taken care of in the 
addition of barium hydroxide. In series No. 1 to No. 6 inclusive, the highest point 
on each curve represents the pH value above which precipitation of the chrome 
took place. 

The results are so important to any chrome tanner that he should study them 
with great care and thoroughness. At a pH value of 3.0, the greatest fixation of 
chrome occurs in the liquor containing no salt, but the pH value of the liquor 
cannot be raised above 3.0 without causing precipitation of the chrome. Series 
No. 2 represents the average salt content when using the procedure for calfskins 
described first in this chapter. At a pH value of 3.0, only 9.2 lbs. of chromic oxide 
is fixed by 100 lbs. of hide substance as against 10.6 lbs. where no salt is present. 
However, the pH value can be raised to 3.2 before precipitation takes place and, at 
this pH value, 10.8 lbs. of chrome is fixed. When the amount of added salt is 
doubled, as in series No. 3, the precipita.tion point is raised to 3.3, at which point 11.2 
lbs. of chrome is fixed; many tanners have this amount of salt in their liquors 
because they add salt in addition to that introduced by the pickled stock. 

From the first three series, we derive the general rule that, when the salt 
concentration is increased, the pH value can and should be raised to a higher point 
in order to get the same fixation of chrome, and that the fixation of chrome can be 
still further increased by raising the pH value to a point just under that at 
which precipitation begins. 

The effect of adding sodium formate is much greater than that of adding 
sodium chloride. Series No. 6 has a content of sodium formate equivalent to the 
content of sodium chloride in series No. 3. At a pH value of 3.0, the fixation of 
chrome from the formate liquor is only 5.2 lbs, as against 8.8 lbs. from the 
chloride liquor. However, the pH value of the chloride liquor can be raised only 
to 3.3 before precipitation starts, but the pH value of the formate liquor can. 
be raised to 6.6. At the pH values just under the precipitation points, the 
fixation of chrome from the chloride liquor is only 11.2 lbs. as against 13.5 
lbs. from the formate liquor. 

In series No. 7 and No. 8, where sodium oxalate was used, no precipitation of 
chrome took place at any pH value. As the pH value is increased, increasing 
fixation of chrome occurs until points of maximum are reached beyond which the 
fixation of chrome decreases. As the concentration of sodium oxalate is greatly 
increased, there is a decreasing fixation of chrome. In very concentrated solu- 
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tions, practically no tanning" takes place and sodium oxalate can actually be used 
to detannize chrome leather. 

This work formed part of a research that the writer carried on for Victor 
Chemical Works, Chicago, to whom the writer is indebted for permission to publish 
the results. 

Effect of Time and Temperature on Chrome Tanning 

In all the foregoing experiments, where no mention is made of temperature, the 
tests were carried on at room temperature, usually about 70° F. Nevertheless, a 
change of temperature of as much as 5° F. produces measurable changes in composi- 
tion of the leather produced. In 1929, H. B. Merrill carried out a series of 
experiments under the writer’s direction to determine the effect of temperature 
of the chrome liquor upon the tanning of pickled calfskin. The calfskin used was 
pickled as described in Chapter 9. From the choicest part of the skin, 25 strips 
2x6 inches were cut, every effort being made to have them as nearly alike as 
possible. Each piece was trimmed before tanning to have a pickled weight of 
exactly 30 grams. A stock solution of Tanolin-T liquor was made up to contain 
15 grams of chromic oxide per liter, or 12i lbs. per 100 gals. This was allowed 
to age for a week and then 2-liter portions were placed in each of 5 wide-mouth 
bottles, which were placed in thermostats at temperatures of 50°, 68°, 86°, 104°, 
and 122° F., accurate to about 0.02° F. On the day following the entry of the liquors 
into the thermostats, 5 strips of pickled calfskin were put into each liquor. During 
the first day, each liquor was agitated every fifteen minutes, after which they were 
agitated twice each day. 

At the end of 4 hours, from each liquor were taken one strip and 400 cc. of 
liquor. This was repeated at the end of 8, 24, 48 and 120 hours. Upon being 
taken from a liquor, each strip was washed for an hour in running tap water. A 
piece was taken off for the boiling test and the rest was dried and analyzed for 
chromic oxide, hide substance and acid sulfate, from which the basicity of the 
chromium salt fixed by the hide substance was calculated. The used liquors were 
analyzed for chromic oxide,- basicity and pH value. The strips tanned at 122° F. 
were very slightly affected by boiling for 5 minutes after tanning for only 4 hours, 
but all the others shrank very badly. After tanning for 8 hours, the strips tanned 
at both 122° F. and 104° F. stood the boiling test perfectly, but the others shrank 
badly. After tanning for 24 hours, the strips from the liquor at 86° F. also stood 
the boiling test, but those at 68° F. and 50° F. did not. At the end of 48 hours, 
all strips stood the boiling test. 

The volume of liquor per unit weight of skin was made large so as not to 
introduce any marked change in the composition of the liquors during tanning. 
There was present only 621 lbs. pickled weight per 100 gals, of chrome liquor. 
The original liquor contained 12i lbs. of chromic oxide per 100 gals. This dropped 
in 120 hours to 10.7 lbs. at 50° F., to 10.5 lbs. at 68° F., to 9.8 lbs. at 86° F., 
to 9.7 lbs. at 104° F. and to 9.6 lbs. at 122° F. 

The pH values changed but little. The pH value of the original liquor was 
3.23. It changed in 120 hours to -3.14 at 50° F., to 3.20 at 68° F., to 3.22 at 
86° R, to 3.20 at 104° F. and to 3.14 at 122° F. 

The original basicity of the chrome liquor was 49 percent. It changed to 
58 percent at 50° F., to 55 percent at 68° F., to 49 percent at 86° F., to 48 percent 
at 104° F. and to 50 percent at 122° F. 

Fig. 236 shows the effect of temperature and of tanning time on the fixation of 
chromic oxide by pickled calfskin. The greatest percentage increase in chrome 
fixation with temperature rise from 50 to 122° F. occurs in the 8-hour tannage, 
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where the chrome fixed at 122° F. is nearly four times that at 50° F. Fig. 237 
shows the same data rearranged to show tanning as a function of time. 

Fig. 238 shows the data rearranged to show the number of hours required for 
the fixation of 8 lbs. of chromic oxide per 100 lbs. of hide substance. Raising the 
temperature from 50 to 122° F. reduces the tanning time from 42 hours to only 
5 hours. 



Teoiperatxire of Chrome Liqiuor (^F.) 

Fig. 236. Effect of Temperature and Tanning Time on Fixation of Chromic Oxide 

by Pickled Calfskin. 


The basicity of the chromium salt fixed by the hide substance has a very 
marked influence over the subsequent operations and over the properties of the 
finished leather. The effect of temperature and of tanning time upon the basicity 
of the chromium salt fixed by the hide substance is shown in Fig. 239. In these 
experiments, it must be remembered that no alkali was added to the liquors during 
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the tanning. Although the original basicity of the chrome liquor was 49 percent, 
the pickled skin contained free sulfuric acid in quantity sufficient to convert the 
49 percent basic chromic sulfate which penetrated the skin and combined with the 
hide substance in 4 hours at 50° F. into a salt 31 percent more acid than pure 



ITaimlng Time in Hours 

Fig. 237. Effect of Tanning Time and Temperature on Fixation of Chromic Oxide 

by Pickled Calfskin. 


chromic sulfate. This is indicated on the chart as a basicity of -31 percent, 
equivalent to an acidity of 131 percent The penetration of chromic salt into the 
J skin increases with both time and temperature, until after 120 hours at 122° F., 
;■ we get a large amount of chrome fixed having a basicity of 66 percent. Under 
j/most tanning conditions, the chromic salt fixed by the hide substance is more basic 
than that present in the liquor. Where the differences in basicity are large, the 
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curves in Fig-. 238 conform to the rule that the basicity of the chromic salt fixed 
increases with tanning time and temperature. The basicity also depends upon 
penetration and contact of the chromic salt with the hide substance. The thickness 
and density of a calfskin vary greatly over its area and this, in turn, affects the 



Temperature of Chrome Liquor 

Fig. 238. Effect of Temperature of Chrome Liquor upon the Number of Hours Re- 
quired for 100 Lbs. Hide Substance of Pickled Calfskin to Fix 8 Lbs. of Chromic 
Oxide. 

rate of penetration of the chrome. Such differences in the strips of calfskin used 
in the experiments may well be responsible for the crossings of the curves at 
temperatures above 68° F. and tanning times greater than 8 hours. 

During the running of a drum in practice, a considerable amount of mechanical 
heat is developed, which increases with the diameter of the drum and number of 
revolutions per minute. In different tanneries, drums of different sizes and speeds 
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are used and, with the same procedure, leathers of different composition and proper- 
ties are produced. As a rule, when the temperature of the chrome liquor initially 
is 70° F., it will rise during" tanning to some point between 100 and 120° F. because 


70 120 hours 



I I 

50 60 70 ao 90 100 110 120 130 F, 

Temperature of Chrome Liquor (^F*) 

Pig. 2o 9. Effect of Temperature and Tanning Time on Basicity of Chromic Salt 
Fixed by Pickled Calfskin. 

of the development of mechanical heat and the heat liberated by chemical reactions. 
Decreasing the speed of a drum from 18 to 16 revolutions per minute is sufficient 
to produce changes in the characteristics of the finished leather readily notice- 
able to the average as sorter. 
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In many tanneries, where the chrome liquor is made with sulfur dioxide and no 
salts of organic acids are added, the basicity of the chromium salt fixed during 
tanning ranges from 40 to 60 percent, with an average of SO percent. In the subse- 
quent operations, the basicity is usually raised from 50 to 70 percent, with an 
average of about 60 percent. When salts of organic acids are used, measurements 
of basicity become exceedingly complex and their interpretations become matters 
of speculation. 

Throughout this book, the writer has tried to provide the tanner with the mini- 
mum amount of information that he should have to operate his tannery successfully. 
Practical tanning consists of series of exceedingly complex chemical reactions, but 
the writer has avoided chemical discussions in the interest of clarity to the tanner 
with no training in chemistry. For this reason, much of the work done on the 
chemistry of chrome tanning has been omitted. However, references are given at 
the end of this chapter to publications that will be very helpful to many tanners 
desiring a deeper insight into the many problems involved in chrome tanning. 
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Chapter 13 

Miscellaneous Tannages 

Probably well over 90 percent of all leather is tanned either with vegetable 
tannins or with basic chromium sulfate, or with combinations of the two. There 
are many other classes of substances capable of converting raw hide into leather; 
but they are not used so extensively as chromium sulfate or the vegetable tannins, 
either because their cost is greater or because they do not produce properties 
desired in most leathers nor give yields of leather that are economical. As each 
kind of tanning' material imparts special properties to leather, combinations of 
different tannages are often used to obtain properties desirable for special purposes. 
Some of these other classes of tanning materials are used in conjunction with both 
chromium sulfate and the vegetable tannins to effect an improvement in certain 
properties of vegetable-tanned or chrome-tanned leathers, or economies of 
operation. 

Chrome Retanning 

Chrome tanning has the great advantage over vegetable tanning for the tanner 
in the short time required to produce leather, but the great disadvantage in pro- 
ducing a much lower yield of leather. Chrome-tanned leather has a much greater 
resistance to heat and to abrasion than vegetable-tanned leather. On the other hand, 
vegetable-tanned leathers are fuller and plumper and give much greater yields of 
leather from the same hides. Vegetable- tanned leathers change less in area with 
changing relative humidity ; they lend themselves better to tooling and embossing ; 
and they are less affected by perspiration. The advantages and disadvantages for 
the two kinds of tannage can be averaged by using both. Usually the stock is first 
chrome-tanned because it is done more quickly than vegetable tanning, and then the 
stock is retanned with vegetable tannins. This is known as chrome retanning. 

Chrome retanning is usually employed for work-shoe upper leather, for sport 
shoes and for making the type of leather known as Elk from cow sides. The leather 
is first chrome tanned as described in Chapter 12. After tanning, it is set out, 
split and shaved according to the methods to be described in Chapter 14. In the 
shaved condition, it contains about 50 percent of water by weight. A typical 
retanning procedure for chrome-tanned cow sides to be used for shoe uppers 
follows : 

Make up a stock tan liquor by dissolving 1800 lbs. of solid quebracho extract 
(63 percent tannin) and 2400 lbs. of spruce extract (25 percent tannin) in water 
and diluting to exactly 1000 gals. Put a pack of 1500 lbs. shaved weight into a 
drum, wash in running water at 70° F. for 1 hour, and drain. Then add 225 gals, 
of the stock tan liquor while the drum is running and continue to run for 2 hours. 
Haul out the stock, pile on trucks or platforms and let stand over night. Then 
pile the stock in a hydraulic press like that shown in Fig. 172 of Chapter 11. 
When the water content of the stock is reduced to about 50 percent, it no longer 
exudes water. The pressure is then released and the stock is taken out of the 
press. The stock is then sent on to be stuffed as described in Chapter 15. 
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Fig. 240. Vertical Section of Chrome-retan Cowhide Leather. 
Location: butt. 

Thickness of section: 40 microns, or 0.00158 inch. ' 
Magnification : 54 diameters. . 
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In this procedure, the tan liquor is usually practically exhausted during the 
retanning and is run to the sewer when the stock is' hauled out. In different 
tanneries, the kinds and amounts of vegetable-tanning substances used vary accord- 
ing to the purpose for which the leather is to be used and according to details 
of the subsequent operations. To produce good leather, it is not necessary for 
the tannin to penetrate completely through the thickness of the hides, because 
the leather is already completely tanned with chrome. In fact, some users of this 
type of leather insist on having a middle layer of the leather showing the green 
of the chrome, as evidence that the leather is genuine chrome-retan. 

Fig. 240 shows a vertical section of chrome-retan cowhide leather used in 
making the uppers of Army shoes. The chrome-tanned layer through which the 
vegetable tannins have not penetrated appears as a light band in the picture; it is 
nearer the flesh side because the leather was. split after retanning. 

Syntans 

In 1912 Edmund Stiasny discovered that new types of tanning materials can be 
produced synthetically by mixing phenolsulfonic acids with formaldehyde under the 
right conditions. The products formed are water-soluble, precipitate gelatin from 
solution and exhibit marked tanning properties. He called these products syntans, 
a contraction of synthetic tannins. Actually, they are very different from the 
natural vegetable-tanning substances. They were first manufactured commercially 
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Cuttings of Bated Cowhide After Being in 30“-Barkometer Quebracho Liquo 
for Different Lengths of Time. 


in Germany by the Badische Soda & Anilin Fabrik division of the I. G Farben- 
industrie Aktiengesellschaft under the name of Neradol. After thorough and 
lengthy tests, the first syntan produced in the United States was made by Rohm 
& Haas Co., who called their product Leukanol. 

T tanning substance, pure-white leathers are 

fnr T practically preclude their use 

for most types of leather. However, they have been found extremely useful in the 
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making of both chrome and vegetable-tanned leathers and their use today is almost 
universal. 

Leukanol not only penetrates through the thickness of a hide very rapidly, but 
it increases the rate of penetration of hide by vegetable tannins either when it is 
added to vegetable- tan liquors or when the hides are pretanned with Leukanol. In 
addition, it increases the solubility of vegetable- tanning materials and prevents 
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Fig. 242. Cuttings of Leukanol-pretanned Cowhide After Being in SC’-Barkometer 
Quebracho Liquor for Different Lengths of Time. 

the loss of tannins otherwise precipitated as sludge. In sole-leather tanning, the 
time of tanning can be greatly reduced by pretanning the stock with from 15 to 
20 percent on bated weight of Leukanol. When hides pretanned with Leukanol 
are put into the yard liquors, the rate of penetration of the tannins is greatly 
increased, the leather acquires a brighter and more uniform color and actually 
becomes more heavily tanned and of improved properties. 

Fig. 241 shows cuttings taken from a cowhide taken after 4, 5, 6, 8, 9 and 13 
days in a 30°-barkometer liquor of quebracho extract. This was a hide taken 
directly from the bate. Fig. 242 shows a portion of the same hide pretanned with 
Leukanol and then placed in a 30°-barkometer liquor of quebracho extract. The 
cuttings were taken after 1, 2, 3, 5 and 7 days in the liquor. At the end of only 1 day 
the tannins have penetrated as far into the hide as in 5 days when the hide was 
not pretanned with Leukanol after bating. At the end of 5 days, the Leukanol- 
pretanned hide is more thoroughly penetrated by tannin than the bated hide after 
13 days. The Leukanol-pretanned leather was not only more thoroughly and 
uniformly tanned, but had many other properties superior to those of leather made 
without Leukanol. The grain was smoother, finer and more uniform and brighter 
in color. The fibers showed less tendency to cohere, which made the leather much 
stronger ; the fibers at the cross-section of the break were much longer and did not 
break short, as is the case when the fibers cohere and cannot readily slide over 
one another. 
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Similar effects can be obtained without the pretannage by mixing Leukanol with 
the vegetable-tanning extracts in making up the stock liquor by mixing about 1 part 
of Leukanol tannin to 3 parts of vegetable tannin. There are 8 different types of 
Leukanol with different properties, 

Leukanol is the standard syntan used on all classes of both vegetable and chrome 
leathers. Leukanol-ND contains twice as much tan and much less salt ; when used 
in conjunction with vegetable tanning, it imparts to the leather greater firmness 
and plumpness, but in bleaching chrome leather, it acts like ordinary Leukanol. 
Leukanol-NS is designed for heavy vegetable-tanned leathers ; it produces plumper 
leather than ordinary Leukanol and has a greater solubilizing effect on the tanning 
extracts, but it is not suited for bleaching chrome leather. LeukanoUD is designed 
for use where the solubilizing effect on the vegetable-tanning extracts is most 
important and color of the leather of less importance ; it is not satisfactory for 
bleaching chrome leather. Leukanol-Y was designed especially for bleaching 
chrome leather in the making of white leather. Leukanol-104 possesses more fill- 
ing power than ordinary Leukanol and has proved useful in the mordanting of 
chrome leather, particularly of garment leathers. Leukanol-WL possesses out- 
standing filling and bleaching powers and is used for mordanting chrome leathers 
to get full and uniform shades of color ; its remarkable bleaching and lightfastness 
make it first choice for making premium white leathers on a chrome base. 
LeukanoLR is used in the manufacture of utility white leathers where lightfastness 
and greater iullness and roundness of feel are desired. TamoUNNO is a neutral 
product in d'fy, granular form designed especially for use in dyeing leather to 
produce uniform coloring, particularly in the production of pastel shades ; it is also 
used in tanning and in mordanting and bleaching chrome leather. 

The use df Leukanol in the vegetable tanning of pickled sheepskins was 
described in Chapter 11, In addition to its beneficial effects upon the tannage, 
Leukanol disperses the natural greases present in the skins and thus better pre- 
pares the leather for the subsequent fatliquoring and dyeing operations. It acts 
similarly upon the grease in the kidney area of cowhides. It is valuable also in 
connection with the vegetable tanning of pickled stock and in vegetable tanning 
in the drum. 

Leukanol can also be used to retan vegetable-tanned leather. By drumming the 
stock with about 10 percent of its wet weight of Leukanol, the color is markedly 
cleared and brightened and the leather and the properties of the leather are 
improved as in the use of Leukanol during the tannage. 

In making chamois leather from pickled sheepskins, the skins are often split 
into two layers, the flesh layer being used to make chamois leather and the grain 
layers, or skivers, being used to make the very thin leathers used in bookbinding, 
linings, hat bands, etc. A good method for tanning the skivers is as follows: 

Into a 1500-gal. paddle vat, put 1380 gals, of water at 70° F., add 50 lbs. of 
ground Sicilian sumac and IS lbs. of Leukanol, and mix well. Start the paddle 
running and add 1000 lbs' of pickled sheep skivers. Run the paddle for 2 hours 
and let stand over night. Next day haul out the stock and send on for the finishing 
operations. The used liquor may be used for several successive packs by strength- 
ening each time with fresh sumac and Leukanol. Leather tanned in this way 
is very light in color and may be made into white leather or dyed to produce delicate, 
pastel shades. 

In Chapter 12, the use of Leukanol was described in making white leather from 
chrome-tanned stock. Leukanol has a peculiar bleaching action on the color of 
chrome-tanned leather, turning it to a blue so light that the leather can readily 
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be converted into white leather. One method of making white leather from chrome- 
tanned stock without loading it heavily with inert white pigments is as follows: 

Tan the stock as described for calfskins in Chapter 12. After washing and 
setting out, split and shave the stock as described in Chapter 14. Put a pack of 
1000 lbs. shaved weight into a drum and wash in running water at 140° F. for 5 
min., and drain. Then add 100 lbs. of Leukanol in 80 gals, of water at 140° F., 
run 1 hour, and drain. Then wash stock in running water at 140° F. for 5 min. 
and drain. Again add 100 lbs. Leukanol in 80 gals, of water, run 1 hour, di'ain, 
horse the stock, and send to be fatliquored as described in Chapter 15. 
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Fig. 243. Effect of pH Value of Liquors Used to Pretreat Goatskins and of Leukanol 
Liquors Used to Tan Them upon Their Shrink Temperatures. 


Leukanol can be used to advantage on all types of leather before dyeing to get 
more uniform and brighter colors, on chrome-tanned leather before vegetable 
retanning in order to get a more uniform penetration by the vegetable tannins, and 
for sole leather in the extracting, oil wheel and dry dip, as described in Chapter 18. 

The tanning of skins usually increases their resistance to heat in the wet state. 
Most chrome-tanned leathers are resistant to the action of boiling water. If leather 
that will not stand the boiling test is placed in cold water and the temperature is 
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gradually increased one degree at a time, a point will be reached where the leather 
suddenly begins to shrink. This point is easily measured with special instruments, 
and is known as the shrink temperature. The shrink temperature is taken as a 
measure of the degree of tannage. Theis and Esterly measured the shrink tempera- 
tures of goatskins tanned with 5 percent solutions of Leukanol as a function of pH 
value of the liquors. They used bated goatskins that had been washed, dehydrated 
with alcohol and acetone, and dried. These were cut into pieces and soaked in water 
for 24 hours before being used in the tests. A series of solutions was made up 
with hydrochloric acid and caustic soda to give a range of pH values from 1 to 12. 
Each piece of goatskin was kept in a solution of definite pH value for 24 hours and 
then tested for shrink temperature. The results for pH values 1 to 8 are shown in 
Fig. 243. Another series was treated in the same manner and then treated with 5 
percent solutions of Leukanol with pH values adjusted to exactly the same pH 
values as those of the pretreating solutions, and left in them for 7 days. For 
example, a piece soaked in a hydrochloric acid solution of pH value of 2.0 for 24 
hours was then soaked for 7 days in a 5 percent Leukanol solution with its pH 
value adjusted to 2.0. After this treatment, the shrink temperatures of the pieces 
were measured. They are shown in Fig. 243. 

The curve marked before tanning with Leukanol represents the raw stock, 
which is most resistant to heat at pH values between 7.0 and 8.0. At pH values 
below about 4.7, the Leukanol greatly increases the resistance of the skin to heat, 
the greatest effect occurring between pH values of 2.0 and 3.0. At pH values 
above 4.7, the Leukanol- treated pieces are less stable than the raw stock. The 
conclusion drawn is that Leukanol has very little tanning action at pH values above 
4.7 and has its greatest tanning action at pH values between 2.0 and 3.0. 

The wide acceptance of the syntans by the American leather industry has 
induced many other manufacturers to produce them. Among those now available 
commercially, we might mention Tanigan by General Dyestuff Corp., Tanak by 
American Cyanamid & Chemical Corp., Mertanol by Monsanto Chemical Co., 
Arkotan by Arkansas Co., and Tanasol and Synektan by Jacques Wolf & Co. 

Alum Tanning 

The use of aluminum salts for tanning dates back to ancient times, but they 
do not combine so readily with the hide protein as do chromic salts or vegetable 
tannins. Leather tanned with aluminum sulfate alone lacks many of the properties 
associated with good leather. For this reason tanners of former years referred to 
the tannage^ not as tanning ^ but as tawing. In the tanning of furs, it is important 
that the hair retain its natural color and not be discolored, as it would be with 
vegetable tannins or with chromic salts. Aluminum sulfate is colorless and it does 
not impart any color to skins or to hair. 

A very old method of tanning furs was to wash them, flesh them quite clean 
and then apply to the flesh side a paste made of aluminum sulfate, or common alum, 
common salt, egg yolk and flour. After these materials had penetrated through the 
thickness of the skins, they were dried slowly and aged for several weeks. Then 
they were washed to remove excess salt and coated on the flesh side with a paste 
made only of egg yolk and flour. They were then dried again and flexed lightly to 
make them soft. The tanning of shearlings with a combination of aluminum sulfate 
and chrome alum was described in Chapter 12. 

^ In making some white leathers, including leather for baseball covers, the 
chief tanning material used is aluminum sulfate. There is no standard procedure 
for tanning with aluminum sulfate, but the following method will illustrate the 
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principle: Put into a drum 1000 lbs. of stock pickled as described in Chapter 9. 
Add 125 lbs. of aluminum sulfate in 80 gals, of water at 70° F. Run drum for 4 
hours and then add slowly over 1 hour 30 lbs. of soda ash dissolved in 30 gals, of 
water and run for an hour longer. Let stand over night. Next morning measure 
the pH value of the liquor and add enough soda ash solution slowly and cautiously 
until the pH value is raised to 4.20 with the drum running. After the pH value 
has reached 4.20, run the drum for an hour longer, haul out the stock without 
washing and hang to dry. The stock may be kept indefinitely in the dry state 
without harm. 

If the dried stock is then washed with water and given no other treatment prior 
to fatliquoring, the resulting leather may be hard and tinny. Various methods are 
employed to overcome this. One is to add to the alumium sulfate solution in the 
original tanning 20 lbs. of Tragasol in 20 gals, of water. Tragasol is a mucilaginous 
carbohydrate obtained from the endosperm of vegetable seeds. It is marketed by 
John P. Marston Co. of Boston in the form of a thick jelly, which must be soaked in 
water over night before use, as it does not dissolve readily. This gives the leather 
fullness and body, which is very important for some types of white leather. 



Pinal pH Value of Solution 

Fig. 244. Effect of pH Value upon Fixation of Aluminum Oxide by Hide Powder. 

Another method of preventing the leather from becoming hard and tinny is to 
retan it with Leukanol. The pack of 1000 lbs. pickled weight is put back into 
the drum after drying from the alum tannage and given 100 lbs. of Leukanol in 100 
gals, water and the drum is run for 4 hours. The liquor is then drained off and 
the stock washed in running water at 70° F. for 1 hour ; it is then sent on to be 
fatliquored. 

Thomas and Kelly studied the effect of pH value on alum tanning using hide 
powder. They made up a stock liquor containing 47.4 grams of pure aluminum 
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sulfate per liter, calculated as the anhydrous salt. The aluminum sulfate of com- 
merce usually purchased by tanners contains about 18 percent of aluminum oxide 
and has a basicity of about 13 percent. Their stock liquor thus had the strength of a 
commercial aluminum sulfate solution of about 66 lbs. per 100 gals. For comparison, 
they also used a stock liquor of aluminum chloride. In each test they used 400 cc. 
of stock liquor, hide powder containing 2 grams of hide substance and caustic soda 
to raise the pH value to the desired value. The tests were carried out in wide- 
moutli bottles, which were shaken occasionally for 24 hours. The tanned hide 
powders were then washed free from soluble matter and analyzed for combined 
aluminum oxide. The results are shown in Fig. 244. 

In the chart, “Grams AI2O3 Fixed per 100 Grams Collagen'’ means the same as 
“Lbs. Aluminum Oxide Fixed per 100 Lbs. Hide Substance.” AICI3 means pure 
anhydrous aluminum chloride and ALC 804)3 means pure anhydrous aluminum 
sulfate. 

By referring back to Fig. 235 (p. 402), it will be noted from the curve 
for series No. 1 that a large fixation of chromic oxide occurs at pH values below 
3.0 and that the pH value cannot be raised above 3.0 without causing precipitation 
unless salts are added. The pH value of the stock liquor of pure aluminum sulfate 
was 3.2 and practically no fixation of aluminum oxide takes place at that pH value. 
As the pH value is raised to about 3.8, the fixation of aluminum oxide increases 
sharply, but raising the pH value above 3.8 causes precipitation of aluminum oxide. 
In the procedure given above, the pH value can be raised to 4.2 because of the 
salts present. 

Increasing concentrations of salts decrease the fixation of aluminum oxide at 
the same pH value just as it does the fixation of chromic oxide in chrome tanning. 
The writer carried out series of experiments in tanning with mixtures of aluminum 
sulfate and sodium formate, but obtained no results comparable with those obtained 
in chrome tanning upon the addition of sodium formate. Aluminum sulfate may 
form complexes with salts of organic acids, but apparently not with the vigor of 
formation of such complexes with chromic sulfate. Rohm patented the use of 
aluminum acetate or formate in the presence of the acetate or formate of an alkali 
or alkaline- earth metal, but the writer does not know to what extent this principle 
has been applied commercially. 

Aluminum sulfate has been used for pretanning prior to chrome tanning and 
mixed with chromic salts during' chrome tanning because it seems to make the 
leather somewhat tighter and smoother. 

Aldehyde Tanning 

Payne and Pullman patented the use of formaldehyde as a tanning agent in 1898. 
Leathers made by treating skins with formaldehyde are pure white and generally 
more resistant to the action of water than alum-tanned leathers. Formaldehyde 
has replaced alum to a large extent in the manufacture of furs and white, washable 
glove leathers. Formaldehyde has also been used for tanning sheepskins with the 
wool on, for white military leathers and as a pretanning agent for heavy, vegetable- 
tanned leathers in order to speed up the penetration of the hides by vegetable 
tannins. 

In practice, forinaldehyde tanning is carried out in slightly alkaline solution. 
Bowes and Pleass studied the fixation of formaldehyde by purified hide substance 
and by purified goat hair as a function of pH value. In each test they added 
1.6 grams of formaldehyde to 200 cc. of saturated liniewater with the pH value 
adjusted to the desired value by the addition of hydrochloric acid. In each liquor 
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was placed 5 grams of purified hide substance (collagen) or 5 grams of hair. The 
tanning action was allowed to proceed for 48 hours and then the tanned collagen 
and tanned hair samples were analyzed for combined formaldehyde. Their graph 
showing the results is reproduced in Fig. 245. 

Using caustic soda instead of saturated limewater gave essentially the same 
results. At pH values below 7.0, the fixation of formaldehyde by either the hide 
protein or the hair is relatively small, but with increasing pH value, the fixation 
increases rapidly. In tanning furs or skins with the hair on, it is interesting 
to note that the hair fixes even more formaldehyde than does the hide. 

Some tanners have had the difficulty with formaldehyde tannage that leather 
having a grain surface that cracked rather easily was obtained. This weakening 
of the grain layer may be due at least partly to the swelling action that takes place 
in the absence of salt. The work of Theis and his co-workers shows the importance 
of having salt present to repress the swelling of the skins during tannage. 



Fig. 245. Fixation of Formaldehyde by Hide Substance and by Goat Hair as a 

Function of pH Value. 


They studied the effect of pH value in formaldehyde tanning in series of 
tests with goatskins run exactly as in their tests on Leukanol described above. 
As tan liquor, they used 1 percent solutions of formaldehyde, and the tanning time 
was 5 days. In this work, there were four series, two without the addition of salt, 
and two in which both the pretreating liquors of hydrochloric acid or caustic soda 
and the formaldehyde liquors were given 10 percent of salt on the weight of the 
liquors. The results are shown in Fig. 246. 

The raw stock has its greatest resistance to heat in the range of pH values 
5.0 to 8.0. The addition of salt to the raw stock greatly increases its resistance 
to heat. In fact, in the presence of salt, pH value has but little effect over the 
range 1.0 to 10.0. 

If we may accept shrink temperature as a measure of degree of tannage, then 
it is clear that the addition of salt increases the degree of formaldehyde tannage 
and makes it nearly uniform over the pH range 5.0 to 10.0. 
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One procedure that the writer has found promising for calfskins, goatskins and 
sheepskins is first to pickle the stock as described in Chapter 9. Put a pack of 
1000 lbs. pickled weight into a drum and add 80 lbs. of common salt in 100 gals, 
water at 70° F. Run 5 min. and start adding slowly, taking 1 hour to add, 30 lbs. 
of cpmmercial formalin (this is 40 percent formaldehyde) and 10 lbs. of wood 
alcohol. Run 1 hour and start adding slowly, taking 1 hour to add, 10 lbs. of soda 
ash in 10 gals, water. Run drum for 1 hour after the last addition and let stand 
over night. Next morning measure the pH value and raise it very gradually by 
repeated additions of soda ash solutions until it reaches and remains at 7.5 for one 
hour. Then drain off the liquor and send the stock to be set out and shaved. After 
shaving, the stock is put into a fatliquor drum, washed in running water at 70° F. 
for 1 hour, and then fatliquored and dried. 



Fig. 246. Effect of Added Salt and pH Value of Liquors Used to Pretreat Goatskins 
and of Formaldehyde Liquors Used to Tan Them upon Their Shrink Temperatures. 


Calgon Tanning 

Calgon is the substance known to chemists as polymeric sodium metaphosphate. 
This material is a water-soluble glass developed as a water conditioner by Calgon, 
Inc. and Hall Laboratories, Inc. of Pittsburgh. When added to hard waters, it 
removes the lime and magnesium salts quantitatively and produces a water prac- 
tically as soft as distilled water. When soap is dissolved in hard water, the lime 
present precipitates calcium soaps, which are greasy, waxy substances insoluble 
in water and the source of many annoying difficulties. When Calgon is dissolved 
in hard water and soap is added, not only are no calcium soaps formed, but any 
calcium soaps that may have been present are decomposed and the soluble sodium 
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soaps are regenerated. The name Calgon is a contraction of the words ''Calcium 
GoneT 

In 1935 the writer undertook research work for Calgon, Inc. to determine the 
possible uses for Calgon in the leather industry. In the course of this work, he 
discovered that Calgon has rather remarkable tanning properties. 



Final pH Yalue of Liquor 

Fig. 247. Effect of pH Value on the Combination of Calgon with Hide Substance. 

When raw hide is placed in an acid solution of Calgon, the Calgon penetrates it 
very rapidly and combines chemically with the hide substance, forming a pure white 
leather. 

Like most tanning actions, the vigor of the combination is dependent upon pH 
value. In order to show quantitatively the extent of combination of Calgon with 
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hide substance as a function of pH value, the writer carried out a series of 
experiments with hide powder, the results of which are shown in Fig. 247. 

Since this series of tests was run to determine the chemical equivalence of 
polymeric sodium metaphosphate and hide protein, commercial Calgon was not used. 
Dr. Everett P. Partridge, of Hall Laboratories, Inc., prepared for the writer the 
purest polymeric sodium metaphosphate that could be produced in the laboratory. 
This was really a chemically pure Calgon. The commercial Calgon Flakes used in 
tanning contains also some sodium triphosphate. The pure material contains 
69.62 percent of phosphorus pentoxide (P2O5) and the Calgon Flakes 68.07 per- 
cent. A series of solutions was made with additions of sulfuric acid or caustic soda 
to produce final solutions containing P2O5 equivalent to 67.7 grams per liter. In 
each test 10 grams of air-dry hide powder was treated with 100 cc. of solution and 
shaken at intervals for 24 hours. The tanned powders were then placed in Wilson- 
Kern extractors and washed in running distilled water for 24 hours to remove all 
the uncombined metaphosphate. They were then analyzed for P2O5 and hide sub- 
stance from which the parts of pure Calgon combined with 100 parts of hide sub- 
stance were calculated to make the graph shown in Fig. 247. 
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As increasing- amounts of sulfuric acid are added to reduce the pH value to 
about 2.4, the Calgon combines with the protein in increasing proportions. As the 
pH value is reduced still further by the addition of more acid, the fixation decreases. 

Fig. 248 shows the effect of tanning time and pH value on the tanning of bated 
cowhide with Calgon Flakes. The bated stock was put into drums and treated with 
100 lbs. of Calgon Flakes in 108 gals, of water per 100 lbs. bated weight. This huge 
excess of both water and Calgon Flakes was used so that the removal of Calgon 
from the solution by the hide would have but little effect on its composition. In 
each test, the pH value was lowered to the desired value by adding sulfuric acid, 
and the pH value in each test was maintained throughout the tanning period. In 
each series, pieces of hide were taken out for analysis at the end of 4, 8, 12, 24, 48 
and 72 hours. The ground samples for analysis were washed free from all soluble 
matter before analyzing for combined phosphate. 

At a pH value of 2.5, where most Calgon tanning is done, equilibrium is estab- 
lished in less than 4 hours and no further increase in combination takes place 
with time, making it quite unlike other tanning materials in this respect. 

In order to show the effect of the quantity of Calgon used, heavy cow hides were 
used. Bated stock was put into 6 drums and given a total volume of liquor of 10 
gals, per 100 lbs. bated weight. The amounts of Calgon used per 100 lbs. bated 
weight were 1, 2, 4, 6, 8 and 10 lbs., respectively. The pH value of each liquor 
was reduced to 2.9 and was maintained at that value during a tanning time of 24 
hours. The maximum fixation of Calgon occurred where the amount of Calgon 
Flakes used was 4 lbs. per 100 lbs. of bated weight; more Calgon than this did not 
bring about any greater fixation. The amount of P2O5 fixed by 100 lbs. of hide 
substance where 1 lb. of Calgon was used per 100 lbs. bated weight was 4.65 lbs. ; 
where 2 lbs. of Calgon was used, it was 5.76 lbs. and where 4 lbs. of Calgon was 
used, it was 6.34 lbs. 

There are a number of very valuable tanning substances that cannot be used 
alone to make commercial leathers, and Calgon appears to be one of them. In one 
comparative test, a calfskin was cut into sides along the line of the backbone, 
and one side was tanned with Calgon as the only tanning material and the other 
was put through the regular procedure for making chrome-tanned calf leather. 
When the Calgon-tanned side was washed before drying, it dried hard and tinny, 
even though none of the combined Calgon was removed. It was also found to 
absorb water much too readily to permit its use for shoe uppers. However, it was 
found to have some amazing properties. It was found to have the unprecedented 
tensile strength of 10,134 lbs. per square inch of cross-section as against only 3,212 
lbs. for the opposite side tanned with chrome. Compared with the chrome side, the 
Calgon side had resistances to abrasion and to tearing more than three times those 
of the chrome side. When the leather was torn in a machine, the fibers showing 
along the torn edge were remarkably long and had a peculiar silky feel. The 
resistance to abrasion was so great that the leather could not be buffed with Car- 
borundum paper on a standard buffing machine. The leather was pure white. 

Fig. 249 shows a vertical section of this leather magnified 140 diameters. 
The grain layer has become condensed to about one-third of the thickness of that 
of the side tanned with chrome. This explains the three-fold resistance to abra- 
sion found. Similar comparisons with steer hides, goatskins and sheepskins showed 
the same relative differences between Calgon-tanned and chrome-tanned leathers. 

Unlike the vegetable tannins and basic chromic sulfate, Calgon has not been 
used successfully as the only tanning substance for any kind of commercial leather. 
However, it has been found to be extremely useful in conjunction with other tan- 
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nages. The vegetable tanning of heavy stock is a notoriously slow procedure 
because the stock is hung into liquors in a vat, mechanical flexing being avoided 
as much as possible to keep the grain surface from becoming so rough and grainy 
as to preclude its general use. The writer has tried vegetable tanning bated stock in 
a drum with disastrous results. Vegetable tanning can be done in a drum after it 
has been penetrated by vegetable tannins in the rocker liquors, as described in 
Chapter 11. Large-scale tests have shown that vegetable tanning in the drum is 
about 46 times as rapid as vegetable tanning in the rocker vats and layers. 



Fig. 249. Vertical Section of Calfskin Tanned with Calgon Alone. 

Location: butt. 

Thickness of section: 30 microns, or 0. 001 18 inch. 

Magnification: 67 diameters. 

Unlike vegetable tanning, chrome tanning is very rapid, not only because of 
the rapidity of penetration of the chromic salts into the hide, but very largely 
because it is done in drums. Chrome tanning can be done in drums because the 
drumming does not make the leather rough and grainy. 

Calgon tanning can be done in a drum without any harmful effects, and the 
tannage is complete in a very short time. Calgon pretanned leather can be 
vegetable-retanned in a drum with no harmful effects; the vegetable tannins grad- 
ually displace the Calgon from combination with the hide. Thus by working the 
two tannages together, we get a very rapid vegetable tanning of stock in the drum 
without any harmful effects. For the past three years, vegetable-tanned leathers 
have been made m this way on a large scale with’ excellent results. The leather 
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I'etains some of the very desirable properties of the Calgon tannage and an improved 
tannage results. 

Calgon- Vegetable Tanning 

Any type of bated stock may be Calgon-tanned and then vegetable retanned, 
often to great advantage. The amounts of material required, however, increase 
with the thickness of the stock, not only because heavier stock contains less water 
and more hide substance, but also because stronger solutions penetrate thick hides 
more quickly. The general procedure will be described first for 40-lb. cowhides to 
be made into leather for bags, cases, golf grips, etc. 

When vegetable tanning hides in a drum, care must be taken to avoid excessive 
mechanical action by using a drum about 7 feet in diameter and 7 feet wide and 
running at about 12 revolutions per minute. Put a pack of 1000 lbs. bated weight 
into such a drum, start drum running and add 50 lbs. of Calgon Flakes dissolved in 
100 gals, of water. Run 20 min. and then add 18 lbs. of 66° Baume sulfuric acid in 
18 gals, of water, and run for 4 hours, when the pH value of the liquor should lie 
between 2.4 and 2.2. If the stock contains much lime, the pH value will be greater 
than 2.4, in which case add enough more diluted sulfuric acid to bring the pH value 
to 2.2. Always run the drum for an hour after adding acid. Then let stand over 
night. Next morning, if the pH value is less than 2.4, drain off the liquor and 
wash the stock in running water at 70° F. for 1 hour. If the pH value is greater 
than 2.4, add enough more acid to bring it to 2.2, run an hour, and then drain and 
wash. 

Keep on hand a stock quebracho liquor made by dissolving 2300 lbs. of ordinary 
solid quebracho in 1000 gals, of boiling water, cooling, settling over night and 
decanting the clear liquor from the settled sludge. The final volume should be made 
to 1000 gals, at 70° F. To make the stock tanning liquor, add to the 1000 gals, of 
decanted quebracho liquor 300 lbs. of Leukanol. Cutch and spruce extracts may be 
used to replace some of the quebracho to increase leather yields and lower tanning 
materials cost. 

After washing the stock, drain off the water and add 140 gals, of the stock 
tanning liquor. Run for 4 hours and pile the stock over night. Run the used liquor 
and the drainage from the stock to a storage tank for making up fresh stock tanning 
liquor. Next day press the stock and run the liquor from the press to the storage 
tank to be made up into new stock liquor. The pressed stock (about 50 percent 
water) is dry-milled for a minute to open it up and remove the creases, and is 
set out on a drum setting machine. It is then shaved, split to the required thickness 
and sent back to be retanned. 

The procedure for calfskins and kipskins through the splitting and shaving is 
exactly the same as for the cowhides, except for the fact that only 30 lbs. of 
Calgon is required for calf and 40 lbs. for kip. After splitting and shaving, calf- 
skins and kips are sent ahead for bleaching and retanning as described in Chap- 
ter 14. 

The split cowhides are put back into the tanning drum and washed in running 
water at 70° F. and drained. Keep on hand also a dilute stock tanning liquor made 
by diluting each gallon of regular stock tanning liquor with 3 gals, of water. After 
the stock has been drained after washing, add 280 gals, of dilute stock tanning 
liquor, run for 3 hours and then haul out the stock and pile over night. Then 
bleach as described for calfskins in Chapter 14. Omit the retanning and send to 
be fatliquored. The used liquor and drainings are run to the storage tank to be 
strengthened as may be required from time to time to make new dilute stock tanning 
liquor. 




Fig. 250. Vertical Section of Calfskin Pretanned with Calgon and Then 
Retanned with Quebracho. 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification : 67 diameters. 


It will be evident to the experienced tanner that the running time in vegetable 
tanning must never be less than that required for complete penetration of .the 
stock by the vegetable tannins, and the thicker the stock the longer the drum will 
have to be run. The procedure as given is average for 40-lb cowhides to be split 
to produce leather of about 5- to 6-ounce weight. 

For steer hides for sole leather, use 60 lbs. of Calgon to a 1000-lb. pack 
and run until it has completely penetrated the stock before washing. This can be 
observed by making cuttings from the thickest parts and examining the cross- 
sections. The vegetable retanning is the same as for cowhides, but the amount of 
stock tanning liquor added may have to be increased considerably. The drum may 
have to be run for as long as 16 hours and must be run until the stock has been 
completely penetrated by tannin. After it has been completely penetrated, it is 
hauled out and piled on a truck for 48 hours. At this point, it is in a condition 
comparable with the sole leather described in the section entitled Rapid Tanning 
of Sole Leather in Chapter 11 (p. 337). Then proceed as described in the last 
paragraph of that section. 

Fig. 250 shows a vertical section of calf leather Calgon-tanned and vegetable- 
retanned as described above. After splitting and shaving, it was not bleached and 
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retanned as described in Chapter 14, but was merely washed in running water at 
100^ F. for 20 min. and then fatliquored and colored as described in Chapter 15. 
It was then finished as described in Chapter 17. Although the tanning time was 
cut to a small fraction of that required without the use of Calgon, the properties of 
the finished leather were fully as good in every respect as that made by the much 
longer procedure. In fact, it was superior to the regular stock in strength and in 
resistance to abrasion. With Calgon tanning alone, these properties are increased 
threefold, but after vegetable retanning the gain averages only about 30 to 50 per- 
cent. By comparing Figs. 249 and 250, it will be noted that vegetable retanning 
opens up the highly condensed grain layer and changes the appearance of the 
fibers. 

Calgon White Leathers 

Leathers tanned with formaldehyde, then with Calgon and then with aluminum 
sulfate have been very satisfactory for shoe uppers, baseball covers and covers 
for white basketballs. This leather is usually made from calfskin, kipskins or 
light cowhides that have been split out of the limes. A typical procedure follows : 
Put 1000 lbs. bated weight into a drum and add 50 lbs. of common salt and 2h lbs. 
of 66® Baume sulfuric acid dissolved in 80 gals, of water at 70® F. Run 30 min., 



Fig. 251. Vertical Section of Calfskin Tanned Successively with Formaldehyde, Calgon 

and Aluminum Sulfate. 

Location: butt. 

Thickness of section: 20 microns, or 0.00079 inch. 

Magnification: 67 diameters. 
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when the pH value of the liquor should be about 3.70, and add slowly, over a period 
of 30 min., 3 lbs. of soda ash in 3 gals, of water. Run 30 min. longer, when the 
pH value should be about 6.60, and drain. Wash in running water at 70° F. for 10 
min., and drain. 

Add 30 lbs. of 40 percent formaldehyde, 10 lbs. of wood alcohol and 20 lbs. of 
colloidal clay-A ( Saxe-Rushworth Co.) in 80 gals, of water at 70° F. Run for 2 
hours and then for 1 minute each hour during the night. Next morning the pH 
value should be about 6.50. Add 121 lbs. of soda ash in 121 gals, of water over a 
period of 1 hour and run for 1 hour longer, when the pH value should be about 
7.50. Drain and wash in running water at 70° F. for 20 min., and drain. Add 
50 lbs. of Calgon in 50 gals, of water at 70° F. Run 5 mini and add 30 lbs. of 
Tanoyl No. 1170X (National Oil Products Co.) and 20 lbs. of Tragasol (John P. 
Marston Co.) dissolved in 30 gals, of water at 70° F. Run 15 min. and add 15 lbs. 
of 66° Baume sulfuric acid in 15 gals, of water slowly over a period of 1 hour. 
Run 2 hours longer, when the pH value should be about 2.60. Drain and wash 
in running water at 70° F. for 20 min., and drain. 

Add 125 lbs. of aluminum sulfate, 50 lbs. of common salt, 20 lbs. of colloidal 
clay-A and 10 lbs. of Gardinol (Du Pont Co.) in 80 gals, of water at 70° F. Run 
for 4 hours and then for 1 min. each hour during the night, when the pH value 
should be about 2.30. Next morning add 30 lbs. of soda ash in 30 gals, of water 
slowly over an hour. Run 1 hour longer, when the pH value should be 4.20. Drain, 
haul out the stock, set out as smoothly as possible and hang to dry. The later 
operations are described in Chapter 17. 

Tanoyl No. 1170X contains as essential ingredients both phosphorated and sul- 
fonated coconut oils. Gardinol is produced by the sulfonation of higher fatty 
alcohols; it serves to produce a mellow feel in the leather. Tragasol has been 
discussed under Alum Tanning. 

Fig. 251 shows a vertical section of calf leather tanned by the foregoing pro- 
cedure. It was an excellent piece of pure white leather with a remarkable resistance 
to abrasion and of great strength. It made a fine piece of white shoe-upper leather. 
It required no finishing and was probably the purest full-grain white leather that 
the writer has ever seen. 

Calgon-Chrome Tannages 

No procedures will be given in this book for making leather with combinations 
of Calgon tanning and chrome tanning, because they have not been developed to 
the point of commercial use. However, they are extremely interesting and may 
some day be developed to the point of great commercial usefulness. If to a chrome 
liquor we add H lbs. of Calgon for each pound of chromic oxide present, the chrome 
salts undergo a great change and are no longer precipitable by the addition of soda 
ash. If hides are tanned in this liquor, it will be found that the fixation of chrome 
increases with decreasing pH value, just the opposite of that found with chrome 
liquors without Calgon. Smaller additions of Calgon cause curious precipitations 
of complex metaphosphate-chromium compounds. 

The uses of Calgon in fatliquoring and dyeing will be discussed in Chapter 15. 

Oil Tanning 

The tanning action of certain oils has been known and used since prehistoric 
times. Centuries ago skins of the Alpine chamois tanned with oil were in great 
demand for the clothing of gentlemen. As the true chamois became scarcer, tanners 
learned to prepare sheepskins for the leather that today is known as chamois. The 
process of oil tanning sheepskins is known as chamoising. 
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Sheepskins for chamoising are received in the pickled condition. Much of the 
raw stock is imported in casks holding about 1000 lbs. of stock each soaked in pickle 
liquor. A pack of 1000 lbs. pickled weight is put into a drum and washed in running 
water at 85° F. for 20 min., and drained. This removes much of the salt and the 
skins begin to swell because of the acid present. The skins are then placed in a 
hydraulic press and subjected to a pressure of about 200 tons. This presses out 
not only water, but a large amount of grease, which is sold to soap manufacturers. 
The pressed skins are dry-milled to open them up again, and are then fleshed 
very clean. The pack is then put into a drum and covered with water at 90° F. and 
run for 30 min., during which time they swell again and become quite plump. 

Next, the stock is passed through a splitting machine, which separates the 
grain layer from the flesh layer. The grain layers are called sheep skivers and 
are tanned by methods already described for special purposes. The flesh layers 
are used to make the chamois leather of commerce. 

In some tanneries, the whole pack of flesh layers is put into a drum without 
water and treated with 250 lbs. of cod oil. The drum is run for 4 hours, during 
which time the oil distributes itself through the stock and penetrates it to some 
extent. The stock is then piled and let stand for several hours, during which 
time fermentation of the oil begins to take place and heat is generated. After this, 
the skins are hung in a room where the air is kept damp and humid and left there 
for 2 or 3 days, while the oil penetrates the skins. Chemical reactions take place 
and some of the reaction products combine chemically with the hide protein. 
Acrylic aldehyde and other volatile and pungent products are also formed, and 
these escape into the room and are very irritating to the eyes, if sufficient ventilation 
is not provided. 


Fig. 252. 

Fulling Stocks. 



Courtesy Turner Tanning Machinery Co. 


After these chemical reactions in the skins are well under way (2 or 3 days), 
the skins are returned to the drum and the pack is treated with a second dose of 
250 lbs. of cod oil, and the drum is run until the oil is taken up. The pack is 
returned to the humid room and kept hanging there for the chemical reactions to 
proceed until the stock is well tanned, usually 3 to 4 days. 

Instead of drumming the skins with cod oil, some tanners put them into what are 
called fulling stocks, or kickers along with the oil. This machine was designed to 
soften hides and skins after soaking. It consists of two vertical arms, attached 
to a support above, which swing past each other when running. Attached to these 
arms are two cast-iron feet, made in the shape of steps, which pound and work the 
leather. A picture of the fulling stocks is shown in Fig. 252. The pummeling, or 
stocking, is stopped occasionally and the skins are spread out to cool. They are 
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oiled again and returned to the fulling stocks. The skins may receive several 
treatments with cod oil, or with seal, whale, shark or similar oils. Between the 
operations, the skins are piled up in heaps and covered with canvas. The chemical 
reactions that go on develop much heat, and it is necessary to turn the skins over 
occasionally to prevent damage from overheating. The duration of this tanning 
process is determined by the properties desired in the leather. The leather after 
tanning is drummed with water at 110'^ F., to which some soda ash has been added, 
and is then pressed to remove the bulk of uncombined oil ; this is recovered and sold 
to tanners as a fatliquoring material under the name of moellon degras. The skins 
are then washed clean in running water. 



Fig. 2S3. Effect of Time of Chamoising Sheepskins on the Shrink Temperature of the 

Leather Produced. 

The skins are then set out or wrung and buffed in the wet state, after which 
they are dried and spread out in strong sunlight to bleach. 

Chambard and Michallet studied the effect of time on the chamoising action 
by measuring the shrink temperature of the leather at different intervals of tanning 
time. They coated the wet flesh splits of sheepskins with oil or with fatty acids and 
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kept them in an enclosed chamber so that they would not dry out during the tanning 
action. At intervals, they withdrew pieces for determination of shrink temperature. 
They used olive oil, linseed oil, cod liver oil and the fatty acids of both linseed 
and cod liver oil. The olive oil had no measurable tanning action. Both the linseed 
oil and the cod liver oil tanned the skins very well, but the skins treated with cod 
liver oil were softer and finer. The fatty acids tanned the stock very quickly, 
but the resulting products were harsh. 

The results for the cod liver oil and for its fatty acids are shown in Fig. 253. 
With the cod liver oil, there was no tanning action for 2 days, but on the third 
day the action was very rapid and the shrink temperature rose from 122 to 142° F. 
At the end of 15 days, the shrink temperature had risen further to 147° F. It was 
found that the skin had combined with 5.41 percent of its weight of oil. With the 
fatty acids, the tanning began at once and the shrink temperature rose in 1 day from 
122 to 133° F., in 2 days to 135° F. and in 3 days to 138° F. ; but after that there 
was no further increase in shrink temperature and the leather was harsh, and not 
soft and supple like that tanned with cod liver oil. After 15 days, it had combined 
with 7.77 percent by weight of the free fatty acids. 

Chambard and Michallet then studied the effect of relative humidity in the 
chamber where the skins were hung during the tanning action. They found that 
relative humidity of the atmosphere of the chamber plays an important part in the 
tanning action. The results are shown in Table 42. 

Table 42. Effect of Relative Humidity of the Atmosphere of the Chamoising Chamber 
on the Oil Tanning of Sheepskins. 


Relative 

Humidity 

(%) 

4 Days 

-Shrink Temperature (®F.) after- 
8 Days 

15 Days 

Combined Oil 
in Leather 
after 15 Days 

m 

0 

115 

(tannage with cod liver oil) 
118 

127 

4.32 

20 

118 

118 

127 

5.41 

40 

122 

126 

142 

5.46 

70 

118 

120 

145 

7.05 

100 

118 

118 

149 

7.30 

0 

(tannage with cod liver oil fatty acids) 

131 133 131 

7.09 

20 

131 

138 

136 

7.35 

40 

131 

138 

136 

9.0S 

70 

131 

144 

145 

8.9S 

100 

131 

145 

147 

9.10 

is quite apparent that moisture favors the chamoising 

action, the greatest 


degree of tanning, as shown by increase of shrink temperature, occurring after 15 
days in atmospheres of 100 percent relative humidity. Again we find the initial 
action of the fatty acids greater than that of the oil itself, but the final action less, 
even though a greater amount of oil is taken up. In practice, the best results 
appear to be obtained from cod liver oil containing about 15 percent of free fatty 
acids. 

Chambard and Michallet also showed that oxygen is necessary for the cham- 
oising action. When the air of the chamoising chamber was replaced with nitrogen, 
no chamoising action took place. They also studied the effect of the pH value of the 
pickle liquor held by the stock, and obtained essentially the same results when the 
pH values lay between l.S and 2.0 as when neutralized to 7.0. 
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Tungsten Tanning 

H. A. Herzog- discovered that certain compounds of the metal tungsten have 
tanning properties. In his patent, he described a preferred method for their use, 
as follows: 

“The skin or stock, such as cowhide, as it comes from the pickle, which may 
comprise 21% of sulphuric acid and 6% of salt, will be given three washings in the 
wheel with 5% salt solution. This removes most of the uncombined sulphuric acid 
from the skins. _ The wheel is then drained and a solution of a tungsten compound 
is added. A satisfactory tungstate liquor has been found to be ten pounds of sodium 
tungstate for each one hundred pounds of stock or skins, the tungstate being dissolved 
in a suitable amount of water. 28% acetic acid is then added until the solution 
becomes acid, turning litmus red, and then sufficient salt to make a 5% solution. 

“The wheel containing the skins and this tungstate solution or liquor is then run 
for three hours, at the end of which time an alum bath is added slowly and at 
intervals for one hour. A suitable alum bath consists of ten pounds of aluminum 
sulphate per one hundred pounds of stock or skins, dissolved in fifteen gallons of 5% 
sodium chloride solution. After the alum solution has been added the wheel is run 
for two hours longer, making three hours in all from the time the first portion of 
the alum bath was added. 

“The mixed solution is then drawn off and the skins thoroughly washed in the 
running water. They are now ready to be fat-liquored and subjected to the other 
usual steps or process to finish and prepare them for consumption. 

“Instead of leaving the tungsten solution in the wheel and adding to it the alum 
solutions, it may be desirable or convenient first to withdraw the tungsten solution 
before adding the alum, 

“While preferably the skins are first subjected to the tungstate liquor for a sub- 
stantial^period of time, after which the alum bath is added, the process is not neces- 
sarily limited to this particular procedure or order but may be practised otherwise 
within the scope of the appended claims. 

“In practising the above described process it is essential that the hydrogen ion 
concentration (pH) be carefully controlled within fairly narrow limits if a true 
tanning is to be effected. It has been found that with a pH value of from 3 to 4 and 
again slightly below 8 the best results are secured, giving a leather with a tungsten 
content in the form of oxides of from 14 to 18% by weight, although a satisfactory 
leather may be obtained in which the tungsten content as calculated on the basis of 
the tungstic oxide is only a portion of these amounts. 

“The process which is the subject of the present invention produces a leather which 
is permanently tanned by a tungsten compound; that is, tungsten in some form is 
combined with the fibres of the skin in such manner that no major portion of the 
tungsten will be lost upon washing. Where the tungsten compound, such as sodium 
tungstate, is used in combination with aluminum sulphate, as above described, the 
leather will have not only a surface of pleasing whiteness, but the same shade or 
color will be present throughout the body of the leather so that all cut and skived 
edges have the same shade or color as the, adjacent surfaces.” 

Early in 1937, the writer examined a white kip used for baseball covers that 
had been tanned with sodium tungstate. Per 100 lbs. of hide substance, it con- 
tained 15.82 lbs. of combined tungstic oxide and 2.26 lbs. of aluminum oxide. It 
was pure white throughout its thickness. It had a nominal tensile strength, but 
an unusually high tearing resistance and resistance to abrasion. It appeared to 
be a very satisfactory piece of leather. For a time it was made on a large scale, 
but the writer does not know of any tanner making it today. 

Quinone Tanning 

In 1908, Meunier and Seyewetz discovered the remarkable properties of benzo- 
quinone,^ an organic substance that is very irritating to the eyes and not very 
soluble in water. From its water solutions, it combines very vigorously with 
hide protein and forms a leather resistant to the action of boiling water. The 
v^riter knows of no general use of quinone tanning nor of any established practice. 
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He tanned a bated calfskin by hanging it in a liquor kept saturated with quinone 
by using a great excess and stirring the solution from time to time. The pH value 
was kept at 6.10 and the skin was left in the liquor until a clipping showed that 
it would stand the boiling test (7 days). It was then washed, fatliquored, colored 
and finished as for chrome-tanned calf. 100 lbs. of hide substance combined with 
12.6 lbs. of quinone. It had the unusually high tensile strength of 7,427 lbs. per 
square inch of cross-section and appeared generally to be a marketable piece of 
leather. 

Although quinone is only slightly soluble in water, it is very soluble in alcohol. 
By using strong alcoholic solutions of quinone, the writer was able to tan calfskins 
in only a few hours, and the leather produced was very much like vegetable-tanned 
calf, but would stand the boiling test. Apparently the low water-solubility of 
quinone, its irritating properties and cost have been responsible for its failure to 
come into wide commercial use, because good leather can be made with it. Quinone 
tanning has great interest to the chemist in throwing light on theories of tanning; 
much information on the chemistry of quinone tanning can.be obtained from the 
references given at the end of this chapter. 

Miscellaneous Tannages 

In this book on modern practice, an attempt has been made to give space to 
the various tanning materials in proportion to their commercial use by the industry. 
In the chemistry of tanning, many tanning materials that today are not important 
commercially in tanning may be very important in throwing light on the complex 
chemical reactions involved in tanning. Many materials that seem unimportant 
practically today may assume great importance in the future. 

Since the eighteenth century, work has been done on the tanning of skins 
with salts of iron. This is well summarized in a book by Jettmar. Leather can 
be tanned with certain salts of iron, but the cheapness and availability of better 
tanning materials has been responsible for iron salts not coming into general 
use. 

Leather can be tanned with sodium silicate and acid, but the leathers so obtained 
have not had all the desirable properties required in commercial leathers. The 
writer has done much work on the silicate tannages and believes that some day 
they may become very important, but it will require much more scientific work than 
has as yet been done on them. 

The reference list given below contains much of little commercial importance 
today that may eventually become of very great importance. 
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Chapter 14 

Light Leathers from Tanning to Fatliquoring 
and Mold Control 

When most leather comes from the tanning operation, it is very uneven in 
thickness and the flesh side may be very rough and contain some loose flesh. 
Since most leathers of commerce must be reasonably uniform in thickness and 
smooth on the flesh side, it is customary to level them by splitting and shaving before 
fatliquoring and dyeing. Since the hides tanned are sometimes much greater in 
thickness than is desired in the finished leather, they are split to reduce the thickness 
to the desired value. Sometimes, as in the manufacture of furniture leather, the 
hides tanned are so thick that they may be split into two or three layers, each 
of which may be prepared and finished for sale. In the case of some very light skins, 
splitting is unnecessary, and the skins are simply shaved to make the flesh side 
smooth and clean. For calfskins with butts much thicker than the shoulders, it 
is necessary to split only the butt areas to a thickness more nearly like that of 
the shoulders. After splitting, the skins are shaved to make the flesh side uniform 
and smooth. 

For calfskins and heavier stock, the splitting and shaving operations can be done 
very much more efficiently if the water content of the stock is reduced from more 
than 70 percent, as it usually is after tanning, to about SO percent. It is important 
also that the stock should be set out flat and smooth before splitting or shaving. 

Pressing 

One of the common methods of reducing the water content of the lighter vege- 
table-tanned leathers is pressing. The wet leather is folded into neat squares or 
rectangles and piled in a hydraulic press. The pressing of vegetable-tanned calf- 
skins is shown in Fig. 173 of Chapter 11 (p. 315). After the pressure has been 
applied, liquor usually stops oozing from the pile when the water content has been 
reduced to a point between 50 and 55 percent. When the stock is taken from the 
press, it is very compact and sharply creased. Before splitting and shaving, it is 
necessary to open the skins and to remove the sharp creases. 

This is very simply done in a few moments by an operation known as wheeling^ 
or milling. For this purpose, a large, dry drum is used, A convenient number of 
pieces is put into the drum and it is run, allowing the pieces to tumble. In the 
course of a minute or two, the skins open and the creases gradually disappear. 
Upon coming from the drum, the stock may be split and shaved. For some heavier 
types of stock, where extreme smoothness is a requisite, it has been found desirable 
to set out the stock on a drum setting machine before splitting. 

Wringing 

For some types of stock, pressing is unnecessary; it is merely necessary to 
wring out as much water as can conveniently be done on one of the many types of 
wringers available. An old type of wringer still in use for stock to be split, as 
well as for sole and other heavy leathers not to be split, is the Quirin leather 
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press shown in Fig. 254. The two large rolls are wound with heavy felt. A 
hide or side is hung over the lower roll. Stepping on the treadle causes the 
two rolls to move together and grip the leather with great pressure. The leather 
is forced outward between the felt-covered rolls. At the same time a third roll, 



Fig. 256. 

Combined Putting-out and 
Wringing Machine. 


Courtesy Chas. H. Stchling Co. 

equipped with blades, presses over the grain surface of the leather, and smooths 
it. In each operation, only a little more than half of the hide is wrung. It is then 
turned around and the other half is wrung. 

Many modifications of the wringing machine have been developed having special 
features to improve special classes of stock. Fig. 255 shows a continuous-feed 
wringing machine that does not require any special experience to operate. It 
is designed for use on light, chrome-tanned leathers and for wool skins. After 
the stock has been put through this machine, it is dry enough to be split or shaved. 



Courtesy Turner Tanning Machinery Co. 

Fig. 257. Drum Type Setting-out Machine. 

Setting Out 

Another method of removing water from skins prior to splitting and shaving is 
call^a setting out or putting out. The fundamental principle is similar to that of 
wringing, but spiral blades set in a revolving cylinder smooth the leather and 
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extend its area. Fig. 256 shows a combined putting-out and wringing machine, 
which is suitable. It has the felt-covered rolls of the wringing machine and also 
the spiral-bladed cylinder of the putting-out machine, which smooths and extends 
the leather and eliminates pleats. It is used on both vegetable-tanned and chrome- 
tanned hides and skins. 

A popular setting-out machine of the drum type is shown in Fig. 257, Below is 
a heavy, revolving bed that looks so much like a tanning drum when in operation 
that the machine is often referred to as a drum setting-out machine. The bed is 
built in the shape of a large cylinder, with a section of the cylinder removed. It 
is usually covered with a heavy rubber pad, acting as a bolster. The opening in 
the cylinder shows in the picture. One end of a hide or skin is put into this 
opening so that the rest of it lies with its area against the bolstered cylindrical 
bed. Upon pulling the lever, the cylinder starts to rotate, pushing the hide or 
skin against a revolving cylinder above, set with spiral blades. In the picture, 
the shielding cover is open so that the bladed cylinder may be seen. The bed makes 


Fig. 258. 

Leather Fleshing Machine. 


Courtesy Chas. H. Stehling Co. 



only about three-quarters of a revolution and then returns to the starting point. 
The pressure with which the leather is forced against the bladed cylinder can be 
varied to whatever extent may be necessary. The blades extend the area of the 
leather and smooth the grain surface, and the pressure developed squeezes out much 
of the water from the leather. This type of machine is used not only to remove 
water from leather preparatory to splitting and shaving, but also for making heavy 
leather smooth before hanging it to dry, as described in Chapter 18. 

Some types of goatskins are not split at all and are not shaved in the ordinary 
way. After tanning, they are put through a setting-out machine that has attached 
to it a revolving cylinder set with spiral blades, which shave the flesh sides of 
the skins while they are being set out. Such a machine is shown in Fig. 258. 

Another type of machine that both fleshes and shaves goatskins out of tan is 
shown in Fig. 259. The skins are handled on it directly from the tan liquors 
without any previous dewatering. The machine sets out, extends and smooths the 
skins as it shaves them. An emery wheel can be seen at the top of the machine. 
By throwing a clutch, while the machine is running, this wheel sharpens the blades 
of the cylinder. 

Fig. 260 shows the Wet Shaver made by the Fulton County Machine and Supply 
Co. for the wet shaving of glove leathers. 

Fig. 261 shows a machine that does excdlent work on wool skins. It not only 
removes the bulk of the water from them, but it sets them out, stretches and stakes 
them. 
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In Fig. 123 (p. 212) there is shown a serial-table unhairing machine. The 
skins are thrown over rubber-covered tables or boards and forced up between 
a pair of cylinders set with spiral blades. Machines built on a similar principle 



are widely used for setting out calfskins after chrome tanning. In setting-out 
machines, it is common to have the skins pass between the blades in a more nearly 
horizontal direction. A battery of such setting-out machines in a calf tannery 
is shown in Fig. 262. 



Courtesy Chas. H. Stehling Co. 

Fig. 261. Combination Putting-out, Stretching and Staking Machine for Wool Skins. 
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over a pair of large pulley wheels at high speed. Fig. 263 shows the Woburn whole- 
hide splitting machine. The pulleys over which the belt knife passes can be seen 
at either end of the machine. The path of the belt knife can be followed from one 
pulley to the other. The lower path of the knife shows as a black line under the 
bed of the machine. When the machine is running, any point on the knife passes 
from the top of one pulley across the bed of the machine to the other pulley and 
around it and under the bed of the machine back to the first pulley. 


Courtesy The Ohio Leather Co. 

Fig. 262. Showing Chrome-tanned Calfskins Being Set Out by Machine in Large 

Calf Tannery. 


When the leather to be split is placed on the bed of the machine and pushed 
forward, it is gripped by a pair of rollers and propelled forward in such manner that 
the belt knife cuts it into two layers. The propelling rollers are made up of a 
great many small ring rolls with rubber centers which allow for initial variations 
in thickness of the leather. The knife can be made to pass through the thickness 
of the leather at any desired depth below the grain surface by adjusting the level 
of the rollers with the levelling devices shown at the top of each end of the 
machine. These adjusters are equipped with micrometer gauges and can be set for 
any thickness of leather desired with great accuracy. 

^ Each splitter is equipped with a micrometer hand gauge for measuring the 
thickness of leather. One type of gauge is shown in Fig. 264. It reads both in 
millimeters and in ounces. The ounce as a measure of thickness of leather originally 
meant the thickness required for 1 square foot of leather to weigh 1 avoirdupois 
ounce. This definition is unreliable as a measure of absolute thickness because 
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leathers of different kinds vary in their specific gravities. However, the ounce 
as a measure of thickness has come to mean ^ inch, or 0.39 millimeter. The 
Woburn gauge, also widely used, is shown in Fig. 379 of Chapter 17 (p. 579). 



Courtesy Turner Tanning Machinery Co. 

Fig. 264. Leather Gauge. 


The splitter first sets the adjusters at the points that have previously given 
hirn leather of the thickness desired. He then takes cuttings of the leather to be 
split and passes one through one end of the machine, another through the other 
end and one through the middle. He then makes adjustments until the pieces 
of the desired thickness come through at all points in the machine. 

While the machine is running, the belt knife is automatically being sharpened. 
After the knife leaves the grinders, it passes through felt wipers before passing 
to the bed of the machine. These wipers remove the iron dust from grinding and 
should be cleaned or replaced at regular intervals to prevent the iron dust from 
getting on to the leather. 



Fig. 265 . 

Splitting Machine Showing 
Chilson Attachment. 


Courtesy Turner Tanning Machinery Co. 


Although the splitting machine is simple in operation, it is rather complex 
in Its construction,^ and different manufacturers have developed special features 
tor their own machines that make for greater efficiency and simplicity of operation, 
in the Turner machine, the Chilson attachment has for its object the automatic 
regulation of the knife grinder and adjustment of the knife. By its use, much 
time IS ^saved that is otherwise needed to adjust the machine. The resulting 

Wifin tViic; attachment, the operator may 
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adjust his machine in the morning and work practically continuously throughout the 
day without the annoyance of frequent shut-downs for adjustment. The automatic 
adjustment, compensating continuously for the wear on the knife and grinders, 
maintains the uniform bevel and position of the knife at all times, insuring uniform 
splitting without the aid of an expert operator. The Chilson attachment of a 
Turner machine is shown in Fig. 265. 

Fig. 266 shows two operators at work on a splitting machine in the act of 
splitting chrome-tanned calfskins. The operator in the background is feeding 
the skins into the splitting machine and the operator in the foreground is taking 
them out and piling them. The flesh splits can be seen dropping out of the machine 
below the bed. Fig. 267 gives a little clearer view of the operator feeding a calf- 
skin into the splitting machine; one pulley for the belt knife can be seen in the 
foreground. 



Fig. 266. Operators Splitting Chrome-tanned Calfskins. 


Shaving 

Fig. 268 shows a typical shaving machine. The shaving cylinder consists of 
spiral blades set in a revolving cylinder. The operator feeds the portion of^ a 
skin to be shaved between the bolstered backing roll and the shaving cylinder, with 
the flesh side toward the shaving cylinder. Upon stepping on the treadle, the 
skin is forced against the sharp revolving knife blades and moves forward until 
stopped. The same area can be fed into the machine repeatedly and its thickness 
is gradually reduced. Light skins that have not been split may be evened in thick- 
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Courtesy A. F. Callun & Sons Corp. 
Side View of Operators Splitting Vegetable- tanned Calfskins. 


Courtesy Woburn Machine Co. 


Fig. 268. Shaving Machine. 
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Courtesy B. 'D. Eisendrath Tanning Co. 
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serve any useful purpose, washing" immediately after tanning" tends to prevent the 
leather from becoming" spotted. 

If the leather has not been washed before splitting, put a pack of 1000 lbs. 
shaved weight in a drum and wash in runtiing water at 80° F. for 1 hour. Where 
the stock has previously been washed, the stock is washed for only 5 min. After 
washing, drain off the wash water. Start the drum running again and add 12 lbs. 
of borax dissolved in 400 gals, of water at 80° F., taking 15 min. to add.^ Run 5 
min. longer, drain, and wash stock in running water at 80° F. for 20 min. The 
stock is then ready for bottom dyeing, which will be described in Chapter 15. 



Shanking Cylinder 



Shaving Cylinder 



Whitening Cylinder 

Courtesy IVoburn Machine Co. 

Fig. 273. Cylinders for Different Type Machines. 

The amount of borax given is for calfskins chrome-tanned to a final pH value 
of 2.9. For other types of stock, the amount required may vary. This is only a 
surface neutralization to prepare the stock for the dyes. 

Bleaching and Retanning Vegetable-tanned Calfskins 

In the splitting room, vegetable-tanned leathers often become freckled with 
discolorations from the fine iron dust resulting from the continuous sharpening of 
the knife blades of the splitting and shaving machines. Such leathers may also 
contain insoluble matter from the tan liquors imbedded in the grain surface. There 
is an old method of bleaching such stock with borax and sulfuric acid that removes 
imbedded insoluble matter from the grain and lightens and brightens the color of the 
leather; this is still much in use for many types of vegetable-tanned leathers. A 
common method of bleaching follov/s : 
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Put a pack of 750 lbs. shaved weight into a drum and wash in running water 
at 80° F. for 20 min. and drain. Add 5 lbs. of borax in 40 gals, of water at i00° F., 
run 15 min., and drain. Then wash in running water at 100° F. for 20 min., and 
drain. Then add 5 lbs. of 66° Baume sulfuric acid in 40 gals, of water at 100° F., 
run 5 min. and drain. Then wash in running water at 100° F. for 20 min. and 
dump the pack. 

The stock is then retanned as follows: Make up a stock 7'etanning liquor by 
dissolving 1000 lbs. of ordinary solid quebracho extract in 1000 gals, of boiling 
w^ater, allowing to cool and settle and pumping off the clear liquor from the 
settled sludge, which is discarded. The liquor will have a barkometer reading of 
about 38°. Run 2000 gals, of water at 70° F. into a 2500-gaL paddle vat and add 
enough stock retanning liquor to give the liquor in the paddle a barkometer read- 
ing of 3°. Then dump into the paddle vat 1500 lbs. shaved weight of stock from 
the bleach, or 2 drum lots. Run the paddle for 5 min. and again for 5 min. each 
hour during the working day, and for 5 min. three times during the night. The 
stock is left in the liquor for 3 days, and each day the paddle is run for 5 min. 
out of each hour and for 5 min. three times during the night. The tannin con- 
tent of the liquor is maintained at about 0.7 percent by adding stock retanning 
liquor each day. Each liquor is used for about 25 successive packs of stock. As 
the liquor is used repeatedly, it requires a higher barkometer reading to maintain a 
tannin strength of 0.7 percent. For the first pack, strengthen the liquor each day to 
3’i° barkometer; the second pack to 4° barkometer; the third to 4^°, the fourth to 
5°, and all succeeding packs to 5i° barkometer. At the end of three days in the 
liquor, haul out the pack and send to be fatliquored as described in Chapter 15. 
After using a liquor for 25 successive packs, run it to the sewer and make up 
fresh liquor. The acid carried into the liquor from the bleach tends to main- 
tain the pH value of the liquor at about 3.4. 

For stock tanned in the stick vats and rockers, as described in Chapter 11, 
the operations of bleaching and retanning are essential to make good leather. The 
bleaching clears the grain and brightens the color of the leather and the retanning 
gives the leather plumpness and body; it also overcomes spotting caused during 
splitting and shaving, and safeguards against undertannage in the yards. Although 
the retan liquors are weak, they add much to the combined tannin, raising it from 
about 37 lbs. to more than 50 lbs. per 100 lbs. of hide substance. The use of weak 
liquors also conditions the stock better for fatliquoring. If the stock, when 
fatliquored, contains too much water-soluble matter, it does not take the fatliquor 
properly, and the grain surface is likely to dry hard, cracky, and of uneven color. 
If the stock does not contain enough water-soluble material, it takes up the fat- 
liquor very greedily and the stock is likely to become too soft and raggy because 
the fatliquor penetrates too deeply into the stock. 

When Calgon-pretanned stock has been vegetable tanned in a drum for only a 
few hours, as described in Chapter 13, the fixation of tannin is usually great enough 
to make retanning unnecessary, and the low pH value of the liquors so bright- 
ens the color of the stock as to make' bleaching unnecessary unless the stock has 
been discolored in the splitting room. When retanning is omitted, the stock must 
be washed more before fatliquoring, to avoid having too great a content of water- 
soluble matter in the leather. 

For Calgon-pretanned, vegetable-retanned cowhides for bag, case and golf-grip 
leather, follow the bleaching procedure given above for calfskins, and send to be 
fatliquored without retanning. 
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Permanganate Bleach 

Sheepskins for chamois leather are often brightened in color oy bleaching 
with potassium permanganate. This bleach is also often given to any raw stock to 
be tanned for white leather. The principle of this bleach will be illustrated by 
a procedure for a pack of 1000 lbs. of bated calfskins to be tanned for white 
leather. Put pack into drum, start the drum running, and add 75 lbs. of common 
salt and 10 lbs. of 66° Baume sulfuric acid in 100 gals, of water at 60° F. Run 10 
min. and add 5 lbs. of potassium permanganate in 30 gals, of water at 60° F. Run 
20 min. and add 7^ lbs. of anhydrous sodium bisulfite in 20 gals, of water at 60° F. 
Run 30 min.; the stock should then appear pure white and the pH value of the 
liquor should be about 4.0. Add 6 lbs. of soda ash in 15 gals, of water at 60° F. 
and run 1 hour; the pH value should then lie between 6 and 7. Wash in running 
water at 60° F. for 30 min. and send stock ahead for the white tannage. 

Mold Growths 

The subject of mold growth might well have been treated at any point in this 
book 'because molds abound everywhere in the tannery. However, molds rarely 
cause the tanner much trouble until after the stock has been pickled or tanned. 
He frequently applies fungicides in pickling or after tanning, usually during the fat- 
liquoring or finishing operations for light leathers, in the oil wheel for sole leath- 
ers, or in the stuffing drum for harness leathers. In vegetable tanning heavy 
leathers, the liquors usually become heavily contaminated with molds ; but tanners 
rarely attempt to destroy them there because the microorganisms on which they 
depend for acid production would also be destroyed. 



Fig. 274. Vertical Section of Vegetable-tanned Calf Leather Showing Mold Spot. 
Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 
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Fig. 275. Vertical Section of Vegetable-tanned Calf Leather Showing Mold Growing 

Among Fibers. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 250 diameters; 

Foodstuffs, cloth, leather, and most of the organic materials of our everyday 
life become covered with a growth of mold when left exposed to damp air for 
several days. The ease with which mold spores are blown about makes their 
appearance in the atmosphere of common occurrence. In the tan yard, liquors 
which have not been agitated for two or three days are usually covered with a soft, 
velvety carpet of molds of various colors. Leather kept in a damp condition is 
almost sure to become covered with mold in the course of a few days. Mold is a 
source of considerable annoyance to tanners because it produces spots on leather 
which cannot be removed by any practical means known at present without dam- 
aging the leather itself. Since preventive measures must be used to guard the 
leather against mold damage, it is highly desirable that those who handle leather 
much should know something about the life and habits of molds as well as how to 
keep them from spotting the leather. 

The danger of bacterial damage is greatest before the skin has been tanned, 
but mold spots may appear on shoes or leather in any other form at any time after 
it has been dampened. These spots are not uncommon and appear as varied in size, 
shape and distribution as freckles on the human face. When leather has been 
dampened and contaminated with spores from the atmosphere or from the watery 
solution used, it is likely to develop spots after damping again at any later date. 
After the first damping, the molds begin to grow, but they may not have time to 
develop into visible spots before the leather is dried again. With each subsequent 
wetting, an opportunity is afforded for further growth until the spots become 
pronounced. 
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Fig. 276. Aspergillus Niger from Spotted Leather after 16 Hours’ Growth. 

Magnification: 37 diameters. 

Wilson and Daub made a detailed study of spots produced on leather by molds. 
Fig. 274 shows a section of vegetable-tanned calf leather cut through the center 
of a black, freckle-like spot, one of thousands which covered the skin. The skin 
itself is not attacked, but the spot is due to the presence of a black mold. Fig. 275 
shows a portion of the same spot at higher magnification so that individual cells 
may be seen. The spots resisted every kind of chemical treatment tried which did 
not harm the leather. However, in a test piece the spots disappeared wLen the 



Fig. 277. Aspergillus Niger from Spotted Leather after 40 Hours’ Growth. 
Magnification: 37 diameters. 
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leather was kept under ideal conditions for mold growth for a month; it was then 
completely covered with a heavy layer of mold, but when this was brushed off, the 
spots were gone. The procedure was interesting, but hardly practical. 

Molds present a more complex structure than bacteria or yeasts, being multi- 
cellular and having a more complicated method of reproduction. The molds consist 
of two kinds of cells, assimilative and reproductive. In their growth, they form a 
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Fig. 279. Aspergillus Niger Spores 24 Hours after Inoculation. 
Magnification: 50 diameters. 


mycelia are often nonseptate. (2) Mucedmaceae, whose spores, called conidia, 
are never borne in a sporangium, whose mycelium is septate, whose fertile hyphae 
or conidiophores are not united into definite bodies, and whose hyphae are not 
dark or smoky. (3) Defnatiaceae, like Family 2 except for the fact that either 
or both the hyphae and conidia appear dark. (4) StilbaceaBj whose conidiophores 
are united into stalks or bundles. (5) Tuberculariaceae, whose conidiophores are 
united into a definite layer or stratum. 

Since it is possible here to give only a brief description of molds and their 
behavior on leather, it seems best to follow Wilson and Daub in their study of 
Aspergillus niger, isolated from spotted leather. 

Aspergillus niger belongs to the family Mucedinaceae and is differentiated from 
other members of the family by having the following characteristics : Its conidia 
are one-celled and are borne in chains and its conidiophores are sharply differen- 
tiated from the mycelium and inflated at the apex. The conidiophores are 
unbranched and usually relatively long. At the swollen apex there are numerous 
shoit stalks, called sterigmafa, usually set close together, giving the conidiophore 
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the appearance of a war club with spikes. These sterigmata are relatively short, 
practically always branched, and from their tips the chains of spores are dif- 
ferentiated. 

Preparation of Cultures for Study 

Wilson and Daub obtained their cultures for study from leather showing black 
spots. The surface of each strip of leather was first passed back and forth quickly 
through a flame. The strip was then suspended from a cork in a bottle over 
water protected against continuous contamination from the outside air. In the 
course of about a week each strip was covered with a miniature forest of black 
mold which had grown out from the interior of the leather. Innumerable tiny 
threads projected out from the leather, each supporting a ball of black spores. 

By means of a platinum loop, some of these spores were transferred to tubes 
of Bacto potato-dextrose agar and ' incubated at 98.6^ F. Fresh cultures were 
made from time to time by inoculating new tubes with spores from the older ones 



Fig. 280. Aspergillus Niger Spores 26 Hours after Inoculation. 
Magnification: 50 diameters. 
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and the purity of each culture was assured by making: platings and comparing the 
individual colonies. 

For study under the microscope, glass slides were fitted with culture cham- 
bers, ■ into each of which was put about 5 drops of the agar medium. A few 
spores were transferred from a culture tube to 10 cubic centimeters of Bacto 
beef broth liquor and shaken well and then a tiny quantity of this liquor was 



Fig. 281. Aspergillus Niger Spores 28 Hours after Inoculation. 
Magnification: SO diameters. 


transferred to the center of the culture chamber by means of a needle. The cul- 
ture chamber was sealed from the air by means of a removable cover glass. All 
of the customary precautions were taken to prevent contamination of the cultures 
being studied. At intervals during their growth, the cultures in the glass culture 
chambers were photographed for permanent record. 

For details of the best modern methods for studying molds, the reader is 
referred to the book of Thom and Church. 

Fig. 276 is a photomicrograph of the mold in one of these chambers which 
was kept in an incubator at 98.6° F. for 16 hours after inoculating. Fig. 277 
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shows the same old mold after 40 hours at 98.6° F. Fig. 278 is the same as 
Fig. 276 except for the higher magnification. Here the septa in the mycelium are 
plainly visible. 

Nature of Growth 

The development of spores is illustrated in Figs. 276 and 277. From the 
branching mycelium shown in Fig. 276, fertile hyphae have developed upward 



Fig. 282. Aspergillus Niger Spores 32^ Hours after Inoculation. 
Magnification: 50 diameters. 

and fruited with the formation of spherical spore masses shown in Fig. 277, each 
such mass having a diameter of about 0.15 millimeter and each individual spore a 
diameter of about 0.004 millimeter. 

Figs. 279 to 283, inclusive, illustrate the growth of the mold from individual 
conidia or spores. Culture slides were inoculated and watched, under the micro- 
scope. The need for keeping the slide under the microscope at all times prevented 
incubation at the optimum temperature for the growth of this mold, which is 
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Fig. 283. Aspergillus Niger Spores 48 Hours after Inoculation. 
Magnification: 50 diameters. 


from 91° F. to 99° F. Since the temperature averaged about 77° F., the cultures 
did not grow nearly so rapidly as that shown in Figs. 276 to 278. 

Fig. 279 shows nine spores 24 hours after inoculation. They have already 
sent out little branches, the beginning of the formation of their mycelium. The 
further development during the next few hours is pictured in Figs. 280 to 283. 
Actually one can project the mold onto the ground glass of the camera and watch 
it grow. At the end of 48 hours, the picture has changed to that shown in Fig. 
283 ; on the surface of leather, this would have been a black spot about two milli- 
meters in diameter. 

When the mold is allowed to spread out freely on a culture plate, the fruiting 
stalks, or conidiophores, arrange themselves in rhythmic, concentric circles. The 
center of a Petri dish containing potato-dextrose agar was inoculated as in the 
case of the culture chamber containing the spores shown in Fig. 279. The dish 
was kept in the incubator at 98.6° F. for six days, when the colony had grown 
tn a diameter of about five centimeters. It is pictured at low magnification in 
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Fig. 284 and a portion of it at higher magnification in Fig. 285. The mycelium 
does not show because the focusing was done on the spore heads. 

Industrial Importance 

Aspergillus niger is important commercially in the fermentation of sugars 
to gallic and citric acids. Under anaerobic conditions, it will convert sugars 
into alcohol. It secretes, under favorable conditions, a great variety of enzymes, 
of which Thom and Church list the following: lipase, amylase, inulase, raffinase, 
gentianase, zymase, melezitase, invertase, maltase, trehalase, cellobiase, emulsin, 
urease, protease, nuclease, rennet, and the enzyme tannase, which has been blamed 
for losses of tannin in the tan yard. This formidable list of enzymes would indi- 
cate that it is not safe to let Aspergillus niger run wild in the tannery. 

Thom and Church examined tan liquor from a fermenting vat and found 
the predominating mold to be Aspergillus niger j with minor admixtures of a 
species of Penicillium (Citromyces) and yeast. Van Tieghem's identification and 



Fig. 284. Aspergillus Niger Colony after 6 Days. 
Magnification: 1.8 diameters. 
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description of Aspergillus niger resulted from his study of fermenting tan liquors 
and form the beginning of our real knowledge of the biochemic importance of the 
AspergillL Knudson found a progressive increase in tannase with the addition 
of tannin in Czapek’s solution with 10 percent sugar, with Aspergillus niger as 
the fermenting agent. Maximum production of tannase occurred when 2 percent- 
tannic acid had replaced all of the sugar in the formula. 



Fig. 285. Aspergillus Niger Colony after 6 Days. 


Magnification: 14 diameters. 

Aspergillus niger thrives in acid solution and grows particularly well on 
chrome leather. The author has observed this mold growing vigorously on 
chrome calf leather, which was neither fatliquored nor colored, when immersed 
in any strength of pure sulfuric acid solution up to and including 0.4 lb. per gal. 
It did not grow in acid solutions of 0.53 lb. per gal. or stronger. Its growth was 
quickly stopped by immersion in dilute caustic soda solution, indicating that an 
alkaline medium is not favorable to its development. 
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Other Molds 

Thousands of species of molds have been described, but the great majority of 
those found in the tannery belong to the two groups : Aspergilli, and Penicillia. 
Wilson and Daub isolated 12 species of mold from a single strip of leather, which 
were identified as follows by Drs. Charles Thom and Margaret B. Church, of 



Courtesy Drs. Charles Thom and Margaret B. Church. 

Fig. 286. Heads of Aspergillus Fig. 287. Heads of Aspergillus 

Fumigatus. Terreus. 


Magnification: 260 diameters. Magnification: 260 diameters. 

the Bureau of Chemistry, United States Department of Agriculture: Five were 
species of Aspergillus] five were species of Penicillium; one was a species of 
Macrosporium (or Alternaria) ; and one a species of Brachysporium. The species 
of Aspergillus were niger, fiaviis, fumigatus, terreus, and nidulans. Two of the 
species of Penicillium belonged to the group known as divaricatmn (Thom: 



Courtesy Drs. Charles Thom and Margaret B. Church. 


Fig. 288. Spores of Macrosporium or Alternaria. 
Magnification: 260 diameters. 
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Paecilomyces vo-rioti Bdinier') . Both PenicilUum and Aspergillus belong to the 
family Mucedinaceae. 

The Macrospormni and BrachyspoHufyi belong to the family Deniatiaceae. 
In this same family is the species Dendryphium, whose conidia grow in chains. 
In a study never carried far enough to justify publication, Wilson and Daub 
isolated a species of Dendryphium from spotted leather and made a few pre- 
liminary tests which indicated that this species of Dendryphium was even more 
to be feared than Aspergillus niger in the spotting of leather. 

Fig. 286 shows the heads of Aspergillus fumigatus, Fig. 287 the heads of 
Aspergillus terreus, and Fig. 288 the spores from a species of Macrosporium. 
These are published through the courtesy of Drs. Charles Thom and Margaret 
B. Church. 

It is easy to distinguish PenicilUum from Aspergillus by the manner in which 
the spore-bearing structures are borne. In PenicilUum, the conidiophores branch 
in whorls, giving rise to a terminal cluster of parallel threads, of which each 
ultimate branchlet is to be regarded as a sterigma. From each of these a chain 
of conidia is developed. The branches and conidia together resemble a broom or 
brush. The name PenicilUum is Latin for little brush. Several hundred species 
of both Aspergillus and PenicilUum are known. 

Prevention of Mold Growths 

Mold growths on leather need not be feared so long as the leather is kept dry 
because molds require water for their growth and development. However, it 
is sometimes necessary in the tannery to keep leather in the wet state for a suf- 
ficient time to permit mold growth. In such cases, mold growth can be pre- 
vented by the proper use of fungicides. If pickled stock is to be kept for a long 
time before tanning, fungicides can be added directly to the pickle liquor; this 
is sometimes done in the case of pickled sheepskins. If chrome-tanned stock 
is to be kept damp for a long time before fatliquoring and dyeing, it is desirable 
to add fungicides to the chrome liquor before hauling out the stock. In damp 
and humid weather, many tanners add fungicides to the fatliquor or stuffing 
material. Wherever mold growths are found on leather in the tannery, it is 
desirable to add fungicides to liquors used on the leather just prior to the point 
in the procedure where the mold growth was discovered. 

Of the common fungicides studied by Wilson and Daub, the most effective 
against Aspergillus niger was an aqueous solution of chlorine. One part by 
weight of chlorine in 50,000 parts of water killed the mycelium and fruiting 
portions of the mold in 10 minutes. Many tanners are not equipped to use 
chlorine, but there are many substances conveniently handled that are very effec- 
tive in killing molds. Collatone (Lehn & Fink), known chemically as para-chlor- 
meta-cresol, is a convenient white powder that is about one-fourth as effective as 
free chlorine per unit weight. Mercuric chloride is only about one-fifth as effec- 
tive as Collatone. 

Two of the very common fungicides often used in fatliquoring leather are 
beta-naphthol and sodium pentachlorphenate (Dowicide-G) of Dow Chemical 
Co,, and Santobrite of Monsanto Chemical Co. Beta-naphthol is not very soluble 
in water, but can be made tO' dissolve very readily by adding 4 oz. of caustic 
soda to each 1 lb. of beta-naphthol. The writer has found that mold growth can 
be prevented or greatly retarded in wet leather after fatliquoring by adding to 
the fatliquor 1 lb. of beta-naphthol per 1000 lbs. of wet stock to be fatliquored. 

There is a also a whole series of Dowicides available that are very effective, 
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but they differ in price and fungicidal value. In practice, the tanner can quickly 
learn the minimum amount of any fungicide required to keep his leather free from 
mold growth. 


References 


1. Aulson Tanning Machinery Co., Salem, Mass. Catalog. 

2. Baker-Layton Machine Co., Wilmington, Del. Catalog. 

3. Buchanan, E. D. and R. E., “Bacteriology for students in general and household science,” 4th ed. 

Macmillan Co., New York, 1938. 

4. Fulton County Machine and Supply Co., Inc., Gloversville, N, Y. Literature. 

5. Guilliermond, A-, and Tanner, F. W., “The yeasts.” John Wiley & Sons, New York, 1920. 

6. Marshall, C. E., “Microbiology,” P. Blakiston’s Son & Co., Inc., Philadelphia. 

7. Quirin Leather Press Co., Clean, New York. Literature. 

8. Stehling, Chas H. Co., Milwaukee, Wis. Catalog. 

9. Thom, C., Cultural studies of species of penecillium. U. S. Dept. Agriculture, Bureau of Animal 

Industry Bulletin No. 118 (1910). 

10. Thom, C., and Church, M. B., “The aspergilli.” Williams & Wilkins Co., Baltimore, 1926. 

11. Turner Tanning Machinery Co., Peabody, Mass. Catalog. 

12. Wilson, J. A., “The chemistry of leather manufacture,” 2nd ed., Vol. I. New York, Chemical 

Catalog Co. (Reinhold Publishing Corp.), 1928. 

13. Wilson, J. A., Beta-naphthol as an antiseptic in the tannery. Hide & Leather, Jan, 14, 1933. 

14. Wilson, J. A., Bleaching animal skin with permanganate preparatory to tanning. Hide & Leather, 

Nov. 9, 1935. 

15. Wilson, J. A., and Daub, G., Imperfections in leather caused by microorganisms. Ind. Eng. Chem., 

17, 700 (1925). 

16. Wilson, J. A., and Daub, G., Aspergillus niger. /. Am. Leather Chem. Assoc., 20, 400 (1925). 

17. Woburn Machine Co., Woburn, M^ss. Catalog. 



Chapter 15 

Fatliquoring, Stuffing and Dyeing Light Leathers 

After leather has been tanned, it generally dries hard and stiff unless oils and 
greases are incorporated into it. The oils and greases give the leather softness, 
fullness, mellowness and flexibility and greatly add to its strength and ability to 
stretch without cracking. Centuries ago, the application of oils and greases to 
leather consisted chiefly of smearing the oils and greases over the surfaces of the 
wet leather and allowing it to dry. If the leather was dry at the time of the appli- 
cation, it remained greasy and dark in color. When the oils and greases were 
applied to the wet leather, it was light in color when dry, with little sign of greasi- 
ness when the operation was intelligently done 

There is an old saying that oil and water do mot mix, meaning that most oils 
are not soluble in water. However, if a drop of oil is placed in water, it usually 
floats and then begins to spread over the surface of the water. If a can of oil 
is dumped into a pond, the oil will spread over the water until the entire surface 
of the pond is covered with oil, even though the thickness of the layer of oil is 
so thin that it cannot be measured. This property of spreading over water surfaces 
is common to most oils that are not soluble in water and it is very important to the 
tanner to become familiar with it. If leather is pressed to remove the water 
between the fibers, leaving the fibers themselves still wet, and oil is applied to the 
surface of the leather, the oil begins to spread over all water surfaces, which causes 
it to penetrate into the leather and spread over the surfaces of all of the fibers. 
This uniform distribution of the oil is responsible for the light color and lack of 
greasiness of the leather. 

If the leather is soaking wet and the water in its interior is continuous with 
the water on its surface, the oil does not penetrate because it spreads only over 
water surfaces. 

On the other hand, if the leather is dry at the time of application of the oil, 
there is no spreading, and the oil remains in the leather surfaces, making it dark 
in color and greasy. 

Following this method of applying oils and greases to leather, the operation 
known as stuffing was developed. In this operation, the leather is freed from all 
surplus water, usually by pressing, and the stock is tumbled in a drum with the 
molten or liquid oils and greases, which penetrate into the leather by spreading 
over the wet fibers. The leather must be wet, but great care must be taken to 
avoid the presence of so much water that the oils will not penetrate. 

The operation of fatliquoring originated in the twentieth century. Large 
amounts of water are used, and the oils are applied in the form of oil-in-water 
emulsions. Although oils are generally insoluble in water, many soaps are very 
soluble. If soap is dissolved in water and oil is added and the mixture is agitated 
violently enough to break the oil up into fine globules, the oil then does not 
separate from the water upon standing. The soap coats the surface of each tiny 
globule of oil and provides it with a sort of pseudo-solubility. The oil is not 
truly dissolved in the water, but the tiny globules remain suspended in the water, 
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Fig. 289. Photomicrograph of Emulsion of 2% Neatsfoot Oil and 3% Sulfonated 
Neatsfoot Oil in 95% Water. 


Magnification: 412 diameters. 
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with little or no tendency to coalesce and separate from it. The mixture remains 
as a stable emulsion. 

When certain oils are treated with concentrated sulfuric acid, chemical reactions 
take place in which sulfo fatty acids are formed. When these are neutralized, soaps 
are formed, which have important emulsifying actions upon neutral oils. 

A typical fatliquor emulsion can be made by mixing 2 lbs. of neatsfoot oil 
with 3 lbs. of sulfonated neatsfoot oil and pouring it slowly and with stirring 
into 95 lbs. of very hot water. The emulsion appears milky white to the eye and 
the oil does not readily separate from the water. Such an emulsion is shown in 
Fig. 289 at a magnification of 412 diameters. In order to get this picture, a 
drop of the emulsion was placed on a microscope slide and covered with a cover 
glass. The slide was then placed in a microscope and photographed by means of a 
special illuminating system known as dark-field illumination. The water appears as 
a black background and the oil as brilliantly illuminated globules suspended in it. 
There are a few relatively large globules present, but most of them are very tiny. 
The largest globule shown in the picture has a diameter of only about 0.001 inch. 
Many of the globules have diameters less than 0.00001 inch. 

When wet leather is drummed with such an emulsion, these tiny globules of oil 
penetrate into the leather and combine with it. Since the even distribution of 
the oil in the leather does not depend primarily upon the spreading properties of 
the oils, as in stuffing, large amounts of water can be used. 

There are a great many different kinds of oils used in fatliquoring leather, 
and their choice for any type of leather depends not only upon the characteristics 
desired in the leather, but also upon price, availability and adaptability to any 
specific procedure for making leather. In the fatliquoring procedures described in 
this chapter, particular fatliquors will be described which are known to give satis- 
factory results in large-scale operations. They may not be the best fatliquors for 
the purpose and many others might be used equally well. 

Fatliquoring Vegetable-tanned Light Leathers 

The following procedure is suitable for vegetable-tanned calfskins taken after 
bleaching and re tanning, as described in Chapter 14, for Cal gon- vegetable tanned 
calfskins after tanning, as described in Chapter 13, for bag and case leathers 
and for practically any other type of vegetable-tanned leathers not exceeding 7 oz. 
in weight. Many such vegetable-tanned leathers are first given the bleaching 
operation described in Chapter 14. 

Put a pack of 750 lbs. shaved weight into a drum, fill the drum to the gudgeon 
with water at 100° F., run 10 min., and drain. Wash in running water at 100° F. 
for 10 min., and drain. Then add 37i lbs. of Tanoyl No. 1170 (National Oil Prod- 
ucts Co.) in 50 gals, of water at 120° F,, run 20 min., and measure the pH value 
of the liquor. If it is above 3.8, add dilute sulfuric acid very cautiously with the 
drum running until the pH value of the liquor is reduced to 3.6. Usually this will 
require only about 8 oz. of 66° Baume sulfuric acid. In uniform, routine operation, 
the amount to be added is known in advance and can be added without stopping 
the drum and waiting for the pH determination. Run the drum for 5 min. after 
adding the acid; then haul out and pile the stock. This small addition of acid has 
the effect of causing the leather to take up practically all the fatliquor from the 
solution. Allow the stock to remain in a pile over night and then hang up each 
skin head down to dry. 

In Fatliquoring leather, each square foot of leather takes up practically the 
same amount of oil. In the case of calfskins, the leather may vary greatly in thick- 



FATLIQUORING, STUFFING AND DYEING LEATHERS 471 


ness. If the pack of skins contained some leather of 2-oz. weight and some of 4-oz. 
weight, the leather of 4-oz. weight would receive only one-half as much oil by 
weight as the 2-oz, leather, because each receives the same amount per square foot. 
In the case of leather split completely to uniform thickness, the amount of oil 
received by weight is much more uniform. 



Courtesy A. F. Gallun &, Sons Corp. 

Fig. 290. Fatliquored Vegetable-tanned Calfskins in Dry Loft Awaiting Selection for 

Coloring. 


In the case of calfskins or other leather having varying thicknesses, after 
drying the skins are examined for softness. As a rule, the thicker skins will be 
much harder than the thinner ones, and so the entire pack must be assorted accord- 
ing to softness. Those soft enough are simply sent to the loft to be kept until 
ordered out for coloring. The harder skins are accumulated into new packs and fat- 
liquored a second time, following the procedure given above, except for using only 
one-half as much fatliquor. 

Unlike chrome-tanned leather, vegetable-tanned leather can be dried out and 
then wet back again very readily. This is one reason why vegetable-tanned leathers 
are fatliquored before coloring. If they do not get enough fatliquor in the first 
operation, they can be wet back and refatliquored, and this can be repeated until 
they have just the amount that is most desirable. Then they can be stored indefi- 
nitely in the dry condition and dyed only after the order for any particular color 
has been received. A dry loft showing vegetable-tanned calfskins awaiting selection 
for coloring is shown in Fig. 290. 
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Courtesy Chas. H. Stehling Co. 

Fig. 291. Wooden Horse with Sloping Sides for Piling Leather. 



Courtesy B. D. Eisendrath Tanning Co. 

Fig. 292. Calfskins after Dyeing, Fatliquoring and Horsing for Draining. 
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Fatliquoring and Dyeing Black Chrome-tanned Leathers for 
Dress-shoe Uppers 

This procedure can be used for calfskins, kipskins or split cowhides; in fact, 
it can be used for any chrome-tanned leathers of thickness suitable for shoe uppers. 
The stock is taken after the regular chrome tanning (not the formate tanning), as 
described in Chapter 12, and after splitting, shaving and neutralizing, as described 
in Chapter 14. It is necessary to know both the shaved xvelght of the pack and its 
total area. When there is any serious doubt as to the approximate area of a pack, 
it is a simple matter to measure it on the machine to be described in Chapter 17. 
Most tanners simply estimate the area from past experience. 
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Courtesy B. D. Eisendrath Tanning Co. 

Fig. 293. Setting Out Calfskins after Dyeing and Fatliquoring. 

In Chapter 14, a procedure was given for washing and neutralizing a pack of 
1000 lbs. shaved weight. After final washing, drain off the water. Knowing the 
approximate area of the pack, add the following quantities of materials per 100 
square feet of leather in the drum : Start drum running and add 4 gals, of water at 
120° F. Then add slowly, over a period of 10 min., 5i oz. of Direct Black dye 
in 4 gals, of water at 120° F. Run 5 min. longer and drain. Then add 2} oz. of 
Hematine and 0.7 fi. oz. of concentrated ammonia in 4 gals, of water at 120° F., run 
15 min. and drain. 

Then for the entire 1000 lbs. shaved weight of stock in the drum add 80 gals, of 
water at 120° F. and run 5 min. Then add 15 lbs. of Tanoyl No. 1170 (National 
Oil Products Co.) in 50 gals, of water at 120° F. and run 20 min. Then measure 
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the pH value of the liquor ; if it is above 3.8, add enough dilute sulfuric acid with 
the drum running to lower it to 3.6, and run for 5 min. after the last addition of 
acid. Then haul out the stock and pile it on wooden horses to drain for several 
hours, or over night. In order to minimize wrinkling, it is customary to use 
wooden horses with sloping sides, like that shown in Fig. 291. Fig. 292 shows 
calfskins taken from the drum after dyeing and fatliquoring, and horsed for 
draining. 

After draining, the stock is set out as smoothly as possible before drying. 
For calfskins, in order to make them, very smooth, this is often done in three 
separate operations : machine setting, machine shanking and hand setting. After 
the stock on the horses has drained sufficiently, it is moved to the setting-out 
machines. Fig. 293 shows a setting-out machine in operation on calfskins. The 



Fig. 294. 

Serial-table Putting- 
out Machine. 


Courtesy Turner Tanning Machinery Co. 

operator places a skin over a moving table bolstered with heavy sheet I'ubber. The 
table moves forward between a pair of spirally bladed revolving rollers, which set 
out the skin on both sides of the table. The skin is taken off from the other side 
of the machine and the empty table returns under the machine to receive another 
skin. In passing through only one pair of bladed rollers, the part of the skin along 
the edge of the table does not get set out. When single-table machines are used, 
the skins are usually taken off the end of one machine and placed on another, with 
the wet strip so placed that it gets properly set out on the second machine. 

To overcome the disadvantage of having to put each skin through two machines 
or twice through the same machine, a serial-table type of machine has come into 
wide use. Fig.^ 294 shows a vertical machine of the serial-table type that has 
pioved very satisfactory. It consists of a series of bolstered tables moving in a 
Ferris-wheel type of motion, like the unhairing machine shown in Fig. 122 of 
Chapter 8. When an empty table appears before the operator, he places a skin on it, 
with the backbone line along the edge of the table, which then moves up and between 
a pair of rollers set with spiral blades, which set out the skin. After passing 
through the first set of revolving blades, the bolster on the table shifts so that 
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when passing between a second set of revolving blades, the backbone line of the skin, 
missed on the first passage, also gets set out properly. 
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Courtesy Turner Tanning Machinery Co. 

Fig. 295. Shank Setting Machine. 

In setting out leather after coloring, it is necessary not only to remove as 
much water as possible, but also to get the grain surface as smooth as possible 
before drying. The shanks of calfskins have a tendency to become drawn when 
tumbled wet in a drum, and they require a special setting operation to make 
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Courtesy Turner Tanning Machinery Co. 

Fig. 296, Turner 36“mch No. 3 Drum Setting Machine. 

them very smooth. Fig. 295 shows a machine especially designed for this pur- 
pose. When each of the four shanks of a calfskin is fed into the machine sep- 
arately, a specially designed, bladed roller spreads them out, extends their areas 
and makes them very smooth. The special arrangement of blades in the cylinder 
of a shanking machine is shown in Fig. 272 of Chapter 14. 

Fig. 296 shows a setting machine designed for setting out pieces, bellies, 
heads, flanks and odd pieces of offal leather. It has bepn widely used by manu- 
facturers of strips of leather for shoe counters. The cut shows the machine 
equipped with a cylinder with a working length of 24 inches, but cylinders are 
obtainable of any length from 20 to 36 inches. 



Fig. 297. 

Hand Slicker. 

Courtesy Chas. H, Stchling Co. 


For fine types of leather, the requirements for smoothness of grain surface 
are so great that the leather is finally set out by hand after the heavy work of 
setting has been done by machine. This operation is called hand slicking. It is 
usually done with the type of hand slicker shown in Fig. 297. 

It consists of a rectangular blade of steel or brass set in a wooden handle. 
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Usually the skin, previously worked out as smoothly as possible by machine, is 
laid out flat on a sloping marble table, grain side down, and the slickers press on the 
leather with the blades of their hand slickers with considerable pressure and push 
forward as shown in Fig. 298. Fig. 299 shows this operation from a different 
angle and in more detail. The slickers try to smooth out any sign of wrinkle or 
graininess in the skins and trim off any loose or straggly ends. When they work 
on the flesh side of a skin, the operation is called setting on the flesh. When they 
turn the skins over to smooth out any irregularities in the grain surface itself, the 
operation is called setting on the grain. The job of the slicker is a very import- 



Courtesy The Ohio Leather Co. 

Fig. 298. Hand Slickers at Work Setting Out Calfskins before Drying. 


ant one because any fine wrinkles left in the leather at this stage become perma- 
nent upon drying, and the value of the leather is greatly lowered. When working 
on the grain side of the skins, he must be sure that his blade contains no nicks to 
scratch the leather, and he must at all times keep his blade in good condition for 
most efficient setting out of the stock. 

After the leather has been set out by hand, it is handled with extreme care 
until after it has been dried. Details of the methods of drying leather will be 
described in Chapter 16. 

Fatliquoring and Dyeing Colored Chrome-tanned Leathers for 
Dress-shoe Uppers 

In the following procedure, only the classes of dyes will be indicated, because 
it is obvious that the specific colors and shades that can be produced in leather 
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Courtesy B. D. Eisendrath Tanning Co, 


Fig. 299. Detailed View of Hand Setting a Calfskin. 

are enormous and the colors used change with styles and popular demands. As in 
the case of making black leathers, we shall start with 1000 lbs. shaved weight of 
stock in the drum after neutralizing, washing and draining. 

Per 100 square feet of leather in the drum, add 4 gals, of water at 130® F., run 
5 min. and then add slowly, over a period of 10 min., 4 oz. of a mixture of acid 
dyes of the desired color in 4 gals, of water at 130® F. Run 15 min. longer and add 
5 oz. cube gambier dissolved in 2 gals, of water at 130® F. Run 20 min. and drain. 
Then add 2 oz. of tartar emetic in 4 gals, of water at 70® F., run 5 min., and drain. 
Wash in running water at 100® F. for 10 min., and drain. 

For the entire lot of 1000 lbs. shaved weight add 50 gals, of water at 105® F., 
run 1 minute and add 40 lbs. of egg yolk, 15 lbs. of sulfonated neatsfoot oil and 5 
lbs. of borax in 30 gals, of water at 100® F. Run 30 min. and drain. 

Per 100 square feet of leather, add 20 oz. of ground Sicilian sumac leaves in 2 
gals, of water at 110® F. Run 30 min. and add 2 oz. of soda ash in 2 gals, of water 
at 70® F. Run 5 min. and drain. Wash in running water at 70° F. for 5 min. and 
drain. Add 5 oz. of aluminum sulfate in 2 gals, of water at 70® F., run 5 min., drain 
and wash in running water for 1 min. and drain. Then add slowly, over a period 
of 10 min., 2 oz. of basic dyes of desired color in 4 gals, of water at 110® F. Run 
10 min. longer and drain. Then add 4 gals, of water at 70° F., run 1 min. and 
haul out the stock. Pile on wooden horses and set out as described for black 
leather. 

The amounts of dyes given are only approximate; deeper shades require cor- 
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respondingly more dye. An enormous variety of fatliquors may be used, each giving 
the leather definite characteristics. In this book, it was considered sufficient 
to describe one fatliquor for blacks and another for colors known to be used on a 
large scale and to give very satisfactory results. 

Dyeing Vegetable-tanned Leathers for Shoe Uppers 

This leather has already been fatliquored and dried. As the amounts of materials 
to be used are based entirely upon area, the pack is, made up to have a total 
area of 2000 square feet. Put the whole pack of dry leather into a drum, cover with 
water and then wash in running water at 75° F. for 5 min., and drain. Then add 
25 lbs. of ground Sicilian sumac leaves in 25 gals, of water at 110° F., run 30 min. 
and add 50 fl. oz. of 90 percent formic acid in 50 gals, of water at 80° F., run 10 
min., and drain. Wash in running water at 70° F. for 10 min., and drain. Add 
3 lbs. of tartar emetic in 25 gals, of water at 70° F., run 5 min., and drain. Wash 
in running water at 70° F. for 10 min., and drain. Add 6 lbs. of aluminum sulfate 
■ in 25 gals, of water at 70° F., run 5 min., and drain. Then wash in running water 
at 70° F. for 10 min., and drain. 

Dissolve basic dyes of the desired colors (25 to 150 oz., according to depth 
of color desired) in 100 gals, of water at 120° F. Make quite sure that the dyes are 
completely dissolved before adding to the drum. It is best to have the dye solu- 
tion in a reservoir tank with brass piping leading to the hollow gudgeon of the 



Courtesy A. JP. Gallun & Sons Corp. 

Fig. 300. Tacking Vegetable-tanned Calf Leather on Wooden Frames to Dry After 
Dyeing, Setting-out and Oiling-off the Grain. 
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drum and a valve to control the rate of flow into the drum. Add 100 gals, of water 
to the drum and start the drum running. Then allow the dye solution to flow into 
the drum at such rate that it takes just 15 min. for it all to flow in. Run 5 min. 
longer, and drain. Add 100 gals, of water at 110° F., run 1 min., drain and 
horse the stock. Then set out as described for black chrome upper leather. 

In making black vegetable-tanned leathers, use 7 lbs. of the basic dye Janus 
Black in 100 gals, of water at 120° F., but omit the tartar emetic. 

After setting out vegetable-tanned calf leathers, coat the grain surface with a 
mixture of 3 parts denatured olive oil to 1 part light paraffin oil and tack out to dry 
on wooden frames, as shown in Fig. 300. 

Dyeing and Fatliquoring Stock Chrome-tanned in Presence of 
Sodium Formate 

In Chapter 12 a method was described for increasing the fullness and plumpness 
of chrome-tanned leathers by increasing the amount of chrome liquor used and add- 
ing sodium formate to it. Leathers tanned in this way are so much plumper than 
leathers tanned without the addition of sodium formate that they require^ more fat- 
liquor to give them the desired degree of softness. They also acquire a deeper 
shade of green from the chrome. Dyes also penetrate into such leathers to a greater 
depth, making it necessary to use more dye to get the desired color. The same 
methods of dyeing and fatliquoring as those described above may be used, but it 
is desirable to double the amount of fatliquor used and it will be found necessary 
to increase the amounts of dyes used. 

Elk Leathers 

Elk leathers are generally made from cowhides, but they are split to a heavier 
weight than for dress-shoe upper leathers. They are often used for work shoes and 
sport shoes. Because they are heavier leathers, it is desirable to make them softer 
for comfort. This can be done by chrome tanning them to a greater degree at 
higher pH value and by incorporating more fatliquor into them. If ordinary 
methods of chrome tanning have been used, it is customary to retan the leather in 
chrome liquor after splitting and shaving. 

For stock tanned in the regular way, as described, in Chapter 12, take the 
stock after splitting and shaving and make up into lots of 800 lbs. shaved weight 
each. Put a pack of 800 lbs. shaved weight into a drum and wash in running water 
at 70° F. for 30 min., and drain. Add 100 gals, of water at 80° F., run 1 min., and 
add slowly over 1 hour 10 gals, of stock sulfur-dioxide chrome liquor, described in 
Chapter 12, which contains the reaction products of 2 lbs. of sodium dichromate per 
gal. Run the drum for 4 hours after all the stock chrome liquor has been added, 
and let stand over night. Next morning, start the drum running and add slowly 
over a period of 1 hour 15 lbs. of hypo dissolved in 50 gals, of water at 80° F. Run 
20 min. longer, and drain. Wash in running water at 70° F. for 30 min. and then in 
running water at 120° F. for 10 min., and drain. 

Add 100 gals, of water at 120° F., run 1 min. and add 9 lbs. of Fustic crystals 
and 7-J lbs. of Hypernic crystals dissolved in 50 gals, of water at 120° F. Run 20 
min. and drain. Then add 100 gals, of water at 120° F., run 1 min. and add slowly 
over 10 min. 6 lbs. of Resorcine Brown dissolved in 25 gals, of water at 120° F. 
Run 10 min. longer, and then add the Elk fatliquor described below: 

Dissolve 8 lbs. of Castile soap in 25 gals, of boiling water in a 50-gal. wooden 
barrel. Mix 8 lbs. of flour to a paste with water and add to the boiling soap 
solution. Then add 5 lbs. of Irish moss dissolved in 5 gals, of boiling water. Then 
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add 10 lbs. of c.aniauha zvax emulsified, as described below, in 10 gals, of water. 
Continue to boil while adding 20 lbs. of zmtcrless moellon and 45 lbs. of sulfonated 
cod oil. Cool to 125° F., add 1 pint of concentrated ammonia, mix well and add 
to the running drum. Run 30 min. and drain. Add 100 gals, of water at 70° F., 
run 5 min., drain, haul out the stock, pile and let stand over night. 

To make the 10 gals, of carnauha wax emulsion, mix 1 lb. of oleic acid and 7h 
oz. of triethanolamine (Carbide & Carbon Chemicals Corp.) with 9 gals, of water, 
and heat to boiling. Melt 10 lbs. of carnauba wax by heating to 190° F., but do not 
allow the temperature to go higher than this. Pour the molten wax slowly and 
with vigorous stirring into the water solution. Then add the whole mixture to the 
fatliquor. 

Set out the stock as smoothly as possible, and send to be dried. 

The procedure as given is for a common tan shade of elk leather. For black 
elk, use 9^ lbs. of Hypernic crystals and 6 oz. of copperas instead of the Fustic and 
Hypernic, and use 10 lbs. of Direct Black instead of the Resorcine Brown. For 
other colors, simply use dyes of the desired shades from the list of direct dyes 
available. [See pages 511-15.] 

Dyeing and Stuffing Waterproof Chrome-retanned Upper Leathers 

The chrome retanning of this stock after splitting and shaving has already been 
described in Chapter 13. The stoc^: is taken after pressing and wheeling. It is 
made up into packs of 600 lbs. pressed weight. For natural color, the color imparted 
to the leather by retanning with vegetable tanning materials is sufficient and no 


Fig. 301 . 

Hot-air Stuffing Mill. 


Courtesy Turner Tanning Machinery Co. 

dyes are used. For blacks, it is sufficient to lay the sides, grain side up, onto a 
table and brush the grain surface evenly with a solution of 3 oz. of Direct Black 
and 2 fl. oz. of concentrated ammonia per gallon of water. For various colors, 
it is best to apply the dyes in a drum in order to get uniform coloring. Put a pack of 
1000 square feet of leather into a drum and wash in running water at 120° F. for 20 
min., and drain. Add 50 gals, of water at 120° F., run 1 min. and add 1 lb. of 
Congo Red, 1 lb. of Acid Orange and 1 lb. of Direct Green in 50 gals, of water at 
120° F. for a chocolate shade. For other colors, simply use the dyes required to 
give the desired shade. Run 30. min., haul out the stock and set it out on the 
Quirin wringer described in Chapter 14. 

A stuffing mill is a drum equipped with an arrangement for heating its con- 
tents, usually by means of hot air. Fig. 301 shows the Turner hot-air stuffing 
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mill. Entering one hollow gudgeon of the drum is a hot-air inlet and leaving 
the other is the air outlet. The air leaving the drum passes over series of steam 
coils, is heated to the desired temperature and is blown back into the drum. In 
this way, the drum and its contents can be kept at any desired temperature. In 
stuffing, the water content of the leather should never be much above 50 percent 
and no water is added. Put pack of 600 lbs. pressed weight of leather into stuffing- 
drum, start running and heat until temperature inside remains at 200° F. Then 
add a mixture of 15 lbs. of waterless moellon, 15 lbs. of oleo-stearine, 15 lbs. of 
Vaseline, 30 lbs. of wool grease, 10 lbs. of tallow and 8 lbs. of cod oil at 180° F. 
and run for 30 min., by which time all the greases should be taken up by the 
leather. Run cold air through the drum while running for 10 min. and then haul 
out the stock. Hang stock to cool to room temperature (about 2 hours) and then 
pack in closed boxes to condition for 48 hours. Then set out on flesh on drum 
machine, like that shown in Fig. 257 of Chapter 14. Hang to dry for another hour 
and then set out on grain on drum machine. Then hand set as smoothly as possible 
and send to be dried. 



Courtesy L. H. Hamel Leather Co, 


Fig. 302. Color Room Where Goatskins and Sheepskins Are Dyed and Fatliquored. 

Dyeing and Fatliquoring Chrome-tanned Goatskins 

The procedures given for dress-shoe upper leathers may be used, but many goat- 
skin tanners prefer to use soap fatliquors and to dye in a single operation. One 
method for blacks is as follows: Put pack of 650 lbs. shaved weight into drum, 
start running and add 8 lbs. of borax in 100 gals, of water at 70° F. Run 20 min. 
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and drain. Wash in running water at 70° F. for 20 min., and drain. Then add 4 
lbs. of Direct Black in SO gals, of water at 100° F., run 20 min., and drain. Add 7 

lbs. of Hematine in 100 gals, of water at 100° F,, run 20 min., and drain. Then 

add an emulsion of 5 lbs. of fig soap, H lbs. of sulfonated neatsfoot oil, 7 lbs. of 
20°-cold test neatsfoot oil and 6 oz. of soda ash in 50 gals, of water at 120° F. 
Run 30 min. and pile stock to stand over night. Next morning, set out on the 
machine only and then coat the grain surface of the leather with a mixture of 2 
parts of glycerin and 1 part of 20°“Cold test neatsfoot oil, and hang skins over 
poles to dry. 

Stock for colors is neutralized and washed in the same way. Then add 6i lbs. 
of gambier extract in 50 gals, of water at 100° F., run 10 min. and add 15 lbs. of 

Tamol-NNO (Rohm & Haas Co.). Run 20 min. and drain. Wash in running 

water at 80° F. for 30 min., and drain. Add desired amounts of acid dyes in 100 
gals, of water at 120° F., run 30 min., and drain. Then add 8 lbs. of 20°-cold test 
neatsfoot oil and 8 lbs. of fig soap emulsified in 50 gals, of water at 120° F. Run 
30 min. and pile stock over night. Next day, set out on machine, coat grain with 
glycerin-neatsfoot mixture and hang to dry. 

Fig. 302 shows a department of a tannery where both goatskins and sheepskins 
are dyed and fatliquored. The steps at the right lead to reservoir tanks in which the 
various materials are mixed preparatory to running into the drums on either side. 
At the left, the stock is being piled on horses after dyeing and fatliquoring. 



Courtesy L. H. Hamel Leather Co. 

Fig. 303. Setting-out Room for Goatskins and Sheepskins. 


Dyeing and Fatliquoring Chrome-tanned Sheepskins 

There are many types of chrome-tanned sheepskin leathers, but it will be suffi- 
cient to illustrate the principles involved in dyeing and fatliquoring by giving 
two typical procedures. For boxing-glove leather of violet color, put 450 lbs. 
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shaved weight of stock into drum, wash in running water at 100° F. for 30 min., 
and drain. Add 18 lbs. of Tamol-NNO in 150 gals, of water at 100° F., run 30 
min., and drain. Wash in running water at 100° F. for 5 min., and drain. Add 
150 gals, of water at 120° F., start drum running and add 4i lbs. of Resorcine 
Brozvn, 61 lbs. of Crocein Scarlet, I lb. of Wool Violet and 8 lbs. of concentrated 
ammonia in 36 gals, of water at 120° F. Run 15 min. and add 20 lbs. of stainless 
sumac extract and 4 lbs. of Hypernic crystals in 30 gals, of water at 120° F. Run 
30 min. and add 9 lbs. of 90 percent formic acid in 9 gals, of water at 90° F. Run 
20 min. and add 1 lb. of titanium potassium oxalate in 9 gals, of water at 70° F. 
Run 10 min., and drain. Wash in running water at 70° F. for 10 min., and drain. 
Then add 36 lbs. of Tanoyl No. 1170 (National Oil Products Co.) in 100 gals, of 
water at 140° F., run 20 min., and determine pH value of the liquor; if it is above 
3.8, cautiously add enough dilute sulfuric acid to bring it down to 3.5. Run 5 min. 
longer and drain. Wash in running water at 120° F. for 5 min. and drain. Then 
add 6 oz. of Methyl Violet, 9 oz. of Safranine and 18 oz. of Bismarck Brown in 36 
gals, of water at 120° F., run 20 min., and drain. Haul out stock, set out, and hang 
to dry. 

For garment leather, put pack of 450 lbs. shaved weight into drum and wash in 
running water at 100° F. for 30 min., and drain. Add 20 lbs. of stainless sumac 
extract and 20 lbs. of Leukanol in 150 gals, of water at 100° F., run 30 min., and 
drain. Wash in running water at 100° F. for 30 min., and drain. Add 12 lbs. of 
Resorcine Brown and 4 lbs. of disodium phosphate in 150 gals, of water at 120° F,, 
run 30 min., and add 20 lbs. of Tanoyl No. 1170 in 20 gals, of water at 120° F. 
Run 30 min., and add 12 lbs. of Tanoyl Soluble Wax No. 1778 in 10 gals, of water 
at 120° F. Run 10 min., and add 8 lbs. of 90 percent formic acid in 8 gals, of water 
at 120° F. Run 10 min. and haul out stock. Pile over night and then set out on 
machine and hang to dry. 

Fig. 303 shows the setting-out room of a tannery making both goat and sheep 
leathers. The setting-out machines, of the wringer type, are located along the 
windows on both sides of the room. 

Dyeing and Fatiiquoring Heavy Glove Leathers 

A procedure will be described for baseball glove and mitt leathers, which is 
suitable for many types of heavy glove leathers. In this procedure, the stock is 
given a retanning with chrome liquor and Calgon to assist in the penetration of the 
dyes. Regular chrome-tanned cowhides and kips are split to the desired weight and 
made up into packs of 1000 lbs. shaved weight each. Put pack of 1000 lbs. shaved 
weight into drum and wash in running water at 70° F. for 30 min,, and drain. Add 
70 lbs. of Calgon Flakes (Calgon, Inc.) in 80 gals, of water at 70° F. Run 1 min., 
and add 10 gals, of stock sulfur-dioxide chrome liquor, described in Chapter 12, 
which contains the reaction products of 2 lbs. of sodium dichromate per gallon. 
Run 2 hours, drain and wash in running water at 70° F. for 30 min., and drain. 
Add 100 gals, of water at 100° F. and then li lbs. of aluminum sulfate in 20 gals, 
of water at 100° F. Run 10 min., and add 8 lbs. of borax in 20 gals, of water at 
100° F. Run 15 min. and drain. Wash in running water at 140° F. for 10 min., 
and drain. Add 100 gals, of water at 140° F. to the drum. 

Add 14 lbs. of Alisarine Yellow, 4 lbs. of Mordant Yellow and 2 lbs. of Acid 
Orange dissolved in 50 gals, of water at 140° F. Run 30 min., and add 60 lbs. of 
Leatherlubric and 60 lbs. of Sulfo-glyconeats (E. F. Houghton & Co.) in 50 gals, 
of water at 180° F. and run 1 hour. Then measure pH value and add enough 
dilute sulfuric acid to lower the pH value to 3.5. Run 30 min. longer and add 70 
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lbs. of Salova (Salem Oil & Grease Co.) in 35 gals, of water at 160° F. Run 30 
min., and add 10 lbs, of Fustic in 20 gals, of water at 160° F. Run 20 min., and 
drain. Add 20 lbs. of colloidal clay- A (Saxe-Rushworth Co.) in 20 gals, of water 
at 160° F., run 20 min., and drain. i\dd 100 gals, of water at 120° F., run 5 min., 
and haul out stock. Pile over night and then set out on machine and hang to dry. 
This leather is ready for shipment after drying and staking. 

Coloring Suede Leathers 

For suede leathers, it is customary to take very small skins, such as slunks, 
after chrome tanning, washing and neutralizing. They may be fatliquored simply 
by drumming with 1 percent on shaved weight of sulfonated neatsfoot oil in 500 
percent of water at 120° F. for 20 minutes, or they may be treated in the same 
way with 1 percent of Gardinol. After fatliquoring, they are dried, dampened 
back, staked and buffed on the flesh side on an over-shot buffer, as described in 
Chapter 16. The stock is then wet back completely and put into a drum for 
coloring. 

For blacks, per 100 lbs. or dry leather after buffing, put pack into drum and 
wash in running water at 100° F. until the stock is soft and pliable (30 to 60 
min.). Drain and add 10 gals, of water at 125° F. Run 5 min. and add 8 lbs. of 
Diazine Black H, Extra (National Amiline & Chemical Co.) in 15 gals, of water at 
125° F. Run 45 min. and add 2 lbs. of hydrochloric acid (20° Baume) in 2 gals, of 
water at 125° F. and run 20 min, longer, or until the dyebath has become exhausted. 
Then drain and add 10 gals, of water at 70° F. Run 1 min. and add 71 lbs. of 20 °- 
hydrochloric acid in 2 gals, of water at 70° F. Run 10 min. and add 3i lbs. of 
sodium nitrite in 2 gals, of water at 70° F. Run 20 min. and drain. Then dry 
and continue as described in Chapter 16. 

For colors, simply replace the Diazine Black by diazine dyes of the appi'Opri- 
ate color. These dyes are known as developed dyes and are used on suede leathers 
to prevent crocking, or the rubbing off of the dye from the leather onto other 
materials. The manufacturers of dyestuffs are prepared to give tanners many 
different procedures for coloring suede leathers to get the results desired. 

Fatliquoring, Dyeing and Finishing Aniline Bag and Case Leathers 

This stock is either vegetable tanned or Calgon tanned, and then vegetable 
retanned as described in Chapter 13. After splitting and shaving, it is bleached 
as described for vegetable-tanned calfskins in Chapter 14. It is fatliquored only 
once, as described above for vegetable-tanned light leathers. It is then dried. 
After drying, it is dampened back to a watery content of about 50 percent and is 
set out as smoothly as is physically possible, the last setting out being on the 
grain by hand. It is then tacked out to dry. When dry, the grain is bleached 
by swabbing with a 1 percent solution of oxalic acid. The leather is dried again 
and is then dyed by spraying the grain surface with a solution of dyes to give the 
desired color. It is then finished by swabbing onto the grain one or more coats of 
properly diluted Venecian Finish (Apex Chemical Co.) as may be needed to 
develop a mirror-like luster when hot plated. After drying, it is plated at a tem- 
perature of 180° F. and a pressure of about 300 tons. It is then ready for delivery. 

Fatliquoring Football Leathers 

Leather for the official intercollegiate football is made from 50-lb. steer hides 
selected for practically flawless grain surface. This leather is either vegetable 
tanned, or Calgon pretanned and vegetable retanned, much like bag and case 
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leathers. It is split after tanning to give it a finished weight of 5 oz. The leather 
must be very plump and tight, but it must be given enough fatliquor so that the 
final leather has a fat content of from 18 to 22 percent. To get this high fat content 
by fatliquoring, it is necessary to wash the leather thoroughly before fatliquoring 
so that the water-soluble matter does not interfere with the fatliquoring. Follow 
the procedure for bag and case leathers, but fatliquor two or three times, as may be 
necessary to increase the fat content, drying after each fatliquoring. When 
making this leather for the first time, analyze the leather after drying after each 
fatliquoring, and repeat the fatliquoring operation until the fat content on the air- 
dry basis equals or exceeds 18 percent. 

This leather is usually made only in bends ; that is, the bellies and shoulders 
are cut off before fatliquoring. The leather is hung to dry after setting out, 
and it is never tacked out to dry. When it has been dried after the last fatliquoring, 
it is hand-dyed on the grain to give the desired color after embossing and inflating 
when made up as a football. This leather needs no finishing, but it can be finished 
lightly to get desired effects. It is finally embossed with a pebbled embossing plate, 
and is ready for delivery after a light staking. 

Fatliquoring White Leathers 

The fatliquoring of white chrome-tanned leathers has already been described 
in Chapter \2, 

An excellent fatliquor for white shoe-upper leathers can be made as follows : 
Mix 3 gals, of light paraffin oil, 2 gals, of sulfonated castor oil and 20 fl. oz. of con- 
centrated ammonia. Stir to a smooth paste and continue to stir while adding 4 gals, 
of boiling water and then 2 gals, of ammonia-casein solution (1 lb. of casein per 
gallon). The making of casein solutions will be described in Chapter 17. Then 
stir in 100 lbs. of powdered titanium dioxide. Mix well and grind in a mill to a uni- 
form paste, which is known as maxwhite paste. Mix 75 lbs. of maxwhite paste 
with 50 lbs. of sulfonated neatsfoot oil, 50 lbs. of 20 -cold test neatsfoot oil and 265 
lbs. of water. When intimately mixed, this constitutes the white fatliquor. Fat- 
liquor the stock with 1 lb. of this fatliquor in 10 gals, of water at 120° F. for each 
100 lbs. shaved weight of stock, running 20 min., and lowering the pH value 
to 3.5 by the cautious addition of dilute sulfuric acid, running 10 min. longer, and 
then hauling out the stock to be set out and dried. 

For many types of white leather, it is sufficient to use simply 1 lb. of Tanoyl 
No. 1170X (National Oil Products Co.) per 100 lbs. shaved weight. Some tanners 
of white-suede formaldehyde leathers use only 1 percent on shaved weight of 
Gardinol (du Pont). 

Oiling and Dyeing Shearlings 

In Chapter 12 the tanning of sheepskins and lambskins with the wool was 
described. The dyeing operation really consists in the dyeing of the wool to give 
the skins the appearance of more expensive furs. After the stock has been taken 
from the tanning vat, remove the bulk of the water from the skins by putting 
them through the Quirin wringer. Then stake each skin and send it to be oiled. 

Fig. 304 shows a type of staking machine used on wool skins and furs. The 
purpose of the staking machine is to flex the leather and separate the fibers, 
which have been pressed together in the Quirin wringer. The machine contains 
three rotating arms, each with a blade at the end. The skin is laid on the 
flexible bed, flesh side up and the arms riib over it, flexing it just enough to 
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loosen up the fibers. During staking, the skin is turned after each stroke of a 
blade so that the entire area of the skin is finally staked. 

After staking, each skin is laid out on a flat table, flesh side up and coated 
with oil by hand, using a sheepskin swab. The materials used for oiling usually 
consist of sulfonated oils, soap and alkali emulsified in water. A satisfactory mix- 
ture consists of 5 gals, of sulfonated neatsfoot oil, 1 lb. of sodium oleate soap, 
1 lb. of soda ash and 20 gals, of water. This is sufficient to oil off about 500 
skins. After each skin has been oiled, it is folded over double along the line 
of the backbone, with the oiled flesh side on the inside. The skins are piled in 

this folded condition and allowed to remain in the pile for about 3 hours to 

condition. They are then dried at 90° F. in about 9 hours and kept in the dry 
state for not less than one day. Then water is brushed onto the wool of each 

skin and the skins are piled to condition for 1 day. 



One hundred skins and 250 lbs. of dry sawdust, are put into a drum and run 
for 1 hour. The sawdust absorbs grease and other matters from the wool and 
cleans it. The skins are then placed in a cage drum and run for 30 min. to free 
them from sawdust. The periphery of this drum is made of open wirework to 
permit the sawdust to escape while the skins are retained. 

The wool is then clipped to a length corresponding to that of the animal whose 
fur the shearling is being made to resemble, usually to about I inch. Fig. 305 
shows a clipping machine, which can be adjusted for the desired length of wool. A 
fan is attached to carry away the clippings of wool. 

After clipping, the skins are still damp. Stake them again and then comb 
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out the wool before the skins become dry. Fig. 306 shows a combing machine. 
It contains a revolving carding roll, which passes over and through the wool, 
cleaning it and combing it out very smoothly. The carding roll is made like a 
fine-wired brush and it is 4 feet, 8 inches long. This combing operation is 
usually known in the trade as carding. 

After carding, the skins are again staked and reclipped. They are then assorted 
for quality and finish. At this stage, while still damp, skins that are not to be 
dyed are toggled or tacked onto frames and allowed to dry flat. They are 
restaked, buffed on the flesh side to make the flesh side smooth, and then carded 
again. 



Courtesy Chas, H. Stchling Co. 

Fig. 305. Wool Clipping Machine for Furs and Wool Skins. 


Stock to be dyed is taken immediately after tanning, put into a drum and 
treated with soda ash solution. For a pack of 1000 lbs. wet weight, add 5 lbs. 
of soda ash in 100 gals, of water at 100° F. Run 2 hours and then drain off 
the liquor and wash the stock in running ’ water at 100° F. for 30 min. Without 
this treatment with soda ash, the wool would not take up the dyes readily. An 
ancient name for this operation is killing. Killing the wool really means simply 
preparing it to take the dye; in this case, soda ash is a killing agent. 

The skins are then put through the Quirin wringer and put back into the 
drum for mordanting the wool. This is often done with a solution of copperas, 
rnmmnn salt and acetic acid, the Stock being left in the liquor at 100° F. over 
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night There are many different types of mordants, each combining first with 
the wool and subsequently with the dyestuff. For the mordants and dyestuffs 
used to get any desired color on the wool, the reader is referred to the many 
manufacturers of dyestuffs for wool. After mordanting, the stock is again passed 
through the Quirin wringer and dyed, usually with oxidation dyes that require 





oxidation after dyeing to develop the true colors desired. With some oxidation 
colors, the stock is first treated in the drum with solutions of the dyes, and then 
with hydrogen peroxide and ammonia to develop the color. After coloring, the 
stock is washed in running water. It is then again put through the Quirin 
wringer, and from this point on is treated just like the stock put through the 
Quirin wringer immediately after tanning and not to be dyed, as described above. 
In other words, it is staked, oiled, dried, dampened, drummed with sawdust, 


490 MODERN PRACTICE IN LEATHER MANUFACTURE 

clipped, carded, reclipped, and toggled to dry. The stock is then restaked, buffed 
on flesh side, carded and the wool is treated with special finishing oils and iron. 
The stock is then staked once more and recarded, after which it is ready for 
shipment. 

Fats and Oils Used in Fatliquoring and Stuffing 

In most of the procedures given above, specific oils were mentioned, but it 
must not be assumed that they are necessarily the best oils to use, or that there 
may not be many other oils that would prove as satisfactory as those described. 
It is possible that any oil or fat might find some useful place in the leather 
industry. It is helpful to many readers to know just what materials may be used 
in order to get a satisfactory result, and we have given the names of specific 
materials known to have given satisfactory results on a large scale. There may 
be many others. 

Tanners are desirous of securing the cheapest materials available that will 
give them completely satisfactory results. Prices of oils change with market con- 
ditions, and the cheapest oil today for a given purpose may not be the cheapest 
at some other time. An oil that will best serve for making one grade or kind 
of leather may not be best for another. It is advantageous for a tanner to become 
familiar with the prices and properties of all oils on the market. This is a big 
subject and many volumes have been devoted to it; we could not hope to do 
justice to it in the small amount of space allowed to it in this book. Instead 
of attempting to list all available oils, with their average analyses and properties, 
it seems better to devote the space allowed to certain general properties of oils 
that mean most to a tanner. 

Spews 

Many tanners have been seriously troubled by spews forming on the grain 
surface of their finished leathers. The common white spew usually consists of 
crystals of solid fatty acids, such as palmitic or stearic acid. Practically all fatty 
oils consist of compounds of glycerin and fatty acid. In many cases, the glyceride 
of the oil is liquid at room temperature while the fatty acid is solid. Although 
a glyceride (a compound of glycerin and fatty acid) may penetrate into the leather 
as a liquid, conditions within the leather are such that the glyceride readily tends 
to break down into glycerin and free fatty acid. If the fatty acid is solid at room 
temperature, it tends to crystallize out on the grain surface of the leather as a 
spew. The formation of spew is favored by high acidity of the leather, high fat 
content, dampness and low temperatures. 

When a tanner is troubled by such spews, he should have all the oils and fats 
that enter his leather examined to get the melting point of the liberated fatty 
acids. If the melting point of these fatty acids is much above 70^^ F., he would 
do well to change to oils whose free fatty acids have a lower melting point. When 
oils are cold-pressed, the fractions of higher melting point are removed. Many 
tanners use neatsfoot oil in fatliquoring and specify the 20°-cold test product 
simply to make sure that no fatty acids of high melting point likely to cause spew 
are introduced into the leather. To guard against spews, a tanner should be 
extremely careful in selecting oils whose liberated fatty acids are liquid at room 
temperature. 

Gummy Spews 

Manufacturers of heavily stuffed leathers, particularly those using large quan- 
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FATLIQUORING, STUFFING AND DYEING LEATHERS 491 

These spews look like the globules of rosin that sometimes spew out onto the 
surface of pine boards. The liberated fatty acids of cod oil are very reactive 
chemically. They not only combine with hide protein to produce a chamoising 
effect, but they combine readily with oxygen from the air. In the course of their 
oxidation, they become first the sticky, resinous material that composes the gummy 
spew; with further oxidation, they become solid. Air is essential to the forma- 
tion of this type of spew. In a pile of leather, a tanner will find this spew only 
along the edges of the leather exposed to the air. 

Such spews are extremely annoying. When they occur, a change in method 
of stuffing is desirable. The leather already spewed can be saved by removing 
the spew with solutions of soda ash. The spew consists of resinous acids that 
react readily with soda ash, producing water-soluble resin soaps. The method of 
removal consists in wetting the leather back in a drum with water at 120° F., 
adding about 5 lbs. of soda ash per 100 lbs. of dry leather and drumming for an 
hour. The leather is then washed in running water at 120° F. for about 30 min. 

In order to avoid a recurrence of the spew, it is desirable to decrease the pro- 
portion of raw cod oil in the stuffing mixture and replace it by materials which 
do not have readily oxidizable fatty acids. Often the replacement can satisfac- 
torily be made by using chamois moellon degras, from which a large portion of 
the oxidizable fatty acids was removed in chamoising. 

Soaps consist of chemical combinations of fatty acids with alkali metals, such 
as sodium and potassium. Since most leathers are of acid reaction, the free fatty 
acids of soaps are liberated almost instantaneously upon entering the leather. It 
is, therefore, of very great importance to the tanner to know that soaps with 
solid fatty acids may contribute to the formation of white spews and those with 
oxidizable fatty acids may contribute to gummy spews. As a double safeguard, 
many tanners use only soaps consisting essentially of pure sodium oleate. Free 
oleic acid is a liquid at temperatures above 57° F. and could not form spews at 
temperatures above this. 

What Fatliquoring Does to Leather 

Even though the making of leather consists of a long series of exceedingly 
complex chemical reactions, the writer had tried to avoid scientific discussions 
so as not to confuse readers not versed in science. Because it is of such tremendous 
practical importance to the tanner in fatliquoring, drying and staking leather to 
go a little more deeply into theory, the writer is going to try to explain what 
happens during fatliquoring, and its effect on the subsequent operations. It will 
take but very little space in this chapter, and the reader with a distaste for theory 
can simply skip on to the next section of the chapter without any loss of time in 
reading. 

In order to make our stor}^ clear, we must go back to the production of hide 
fibers and their constituent fibrils, as described in Chapter 1. White corpuscles 
from the blood, called fibroblastSy migrate up through the skin, from the flesh 
side to the grain surface. As they go, they exude a protein solution, which sub- 
sequently sets to jelly and hardens into a fibril. Keeping this in mind, let us 
now take an ounce of gelatin and dissolve it in a quart of hot water, mix well and 
allow it to cool. If the cooling it done rapidly, when room temperature is reached, 
the solution will still be quite fluid. However, if we examine it carefully over 
the minutes that follow, we will note that the solution is increasing in viscosity, 
and that after a time the viscosity is vastly increased; that is, the solution becomes 
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a solid jelly. When the jelly is dried by allowing the water to evaporate, a solid 
mass o£ gelatin of enormous tensile strength is obtained. 

According to our theory, the very fluid gelatin solution, when first prepared, 
contained many tiny particles, or molecules, of gelatin not touching one another. 
Gelatin molecules contain both acid and basic groups and the acid group of one 
molecule can combine with the basic group of another, if they come into contact. 
During the standing of the cooled gelatin solution, the molecules slowly turn, like 
the needle of a compass, so that the acid group of one turns towards the basic group 
of a neighboring molecule, and finally the two combine. In the course of this series 
of combinations, molecules of increasing size are formed. As the average size of 
the molecule increases, the viscosity of the solution increases, until finally all 
the original molecules are linked together in the form of a three-dimensional 
network occupying the entire volume of the original solution, converting it to a 
solid jelly, with the water in the interstices of the network structure of solid 
gelatin. 

Keeping this in mind, let us now take a sheet of dry gelatin and cut out two 
strips, say 1 by 6 inches each, and lay one strip over the other. They show no 
tendency to cohere. Now let us soak these two strips in cold water over night. 
They will then be found to have increased greatly in volume by absorbing water. 
If we now place one strip over the other, they still show no tendency to cohere. 
But now, let us place one strip over the other and allow them to dry out while in 
contact. When dried, they will be found to stick together with a force approaching, 
hit not quite equalling, the forces that make up the tensile strength of a single strip 
of the dry gelatin. 

What has happened is that combinations have taken place between surface acid 
and basic groups of the two strips. Since the acid and basic groups in the strips 
of jelly cannot move as freely as in a solution, the combinations at the surface of 
contact of the two strips are not as complete as in the solution setting to a jelly; 
consequently the forces of cohesion between the two strips can never quite equal 
those of the tensile strength of a single strip of gelatin, but they are, nevertheless, 
very great. If we ponder over the growth of the skin on a living animal, we get 
some idea as to what holds the entire structure together and gives it its strength. 

Now let us take a bated skin and dry it without any other treatment. It 
shrinks and becomes a hard, compact mass with all the fibers cohering with enor- 
mous forces, giving the skin a tremendous tensile strength. Now let us take 
another bated skin and soak it for three days in successive changes of acetone 
to remove all the water, and then let the acetone evapQrate. The skin does not 
dry hard, but soft and flexible, and it resembles a beautiful skin of white leather. 
By removing the water before drying out the acetone, the combination of the acid 
and basic groups at surfaces of contact of fibers was prevented. 

Now let us go back to our strips of wet gelatin and coat them with oil over 
the surfaces of contact. It will be found that their tendency to cohere decreases 
very rapidly with increasing amount of oil applied. If enough oil is used, no 
cohesion takes place. 

When scientific men attempt to explain complex phenomena to laymen, they 
usually resort to analogies between the complex phenomenon and something with 
which the layman is familiar. For example, chemists have explained the funda- 
mental action of fatliquoring to the layman as a lubrication of the fibers so that they 
may slide over each other and give the leather flexibility and strength. The 
example of the bated skin soaked in acetone before drying shows that the funda- 
mental action is not one of lubrication, but of preventing cohesion of the fibers 
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during drying. With all this in mind, many effects of changes in fatliquoring, 
drying and staking become clearer. 

Effect of Depth of Penetration of Oils into Leather 

In experimenting with various fatliquors, Wilson, Merrill and Daub found that 
fatliquors which penetrate deeply into leathers have a tendency to make them loose. 
Using increasing amounts of oils of increasing penetrating powers, in several series 
of tests, they found that the leathers improved in quality up to a maximum and that 
then a loosening of the flanks became observable while the butts were still improving 
in quality. Using still greater amounts of oil, the leathers became loose all over. 
If the function of the fatliquor was only to lubricate the fibers, this should not 
have happened. 



Fig. 307. Cross-section of Flank of Chrome Calf Fatliquored with Fatliquor of Lower 

Penetrating Properties. 

Location: flank. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification: 50 diameters. 
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In one test they fatliquored two packs of chrome-tanned calfskins with the 
same total amounts of oil, but one with a fatliquor of great penetrating proper- 
ties and the other with a less stable fatliquor. After the packs of leather had 
been dried, although they both contained the same amount of oil, the leather was 
very different physically. Where the fatliquor of high penetrating properties 
was used, the leather was clearer and brighter in color than the other pack and 
the butt areas were generally finer, but the flanks were so loose and puffy that 
the cutting value of the leather for shoe uppers was greatly reduced. 



Fig. 308. Cross-section of Flank of Chrome Calf Fatliquored with Fatliquor of Higher 

Penetrating Properties. 

Location: flank. 

Thickness of section: 40 microns, or 0.00158 inch. 

Magnification: 50 diameters. 

Figs. 307 and 308 show cross-sections of the flanks of skins taken from the 
two packs, respectively. 

They also took a flank from each pack and split it on the splitting machine 
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content. From the results obtained, they constructed the chart in Fig. 309, show- 
ing the oil content of the leather at different depths from the grain to the flesh. 
In the tight flank the bulk of the oil was present in the grain and flesh layers, with 
practically none in the middle layer. In the loose flank, the oil was much more 
uniformly distributed, having much less in the grain and flesh layers and a con- 
siderable amount in the middle layer. 

What happened to make the flanks of the one pack loose is evident from the 
theoretical discussion above. Where no oil penetrated into the middle layer, the 
fibers of the leather cohered on drying, and these cohesions kept the leather tight 
and compact. Where the oil penetrated completely through the thickness of the 
leather, the number of cohesions between fibers was greatly lessened, and so the 
fibers of the leather after drying were separated, giving the leather a loose and 
spongy structure. 



Fig. 309. Distribution of Oil Through the Thicknesses of Tight and Loose Flanks of 

Chrome-tanned Calf Leathers. 

If there were no cohesions at all, the leather would separate into its constituent 
fibrils and we should have no leather structure at all. On the other hand, if all 
the fibrils and fibers cohered, we would have a skin in the form of a hard and horny 
structure, with no real value as leather. Somewhere between these two extremes, 
we have the ideal leather for any given purpose. It would take the calculations 
of an Einstein to determine the distribution of cohesions required for any ideal 
leather. Practically, the problem is not so difficult because we already have detailed 
procedures for making many perfectly satisfactory kinds of leather. But through 
a more intimate knowledge of these cohesions and methods of making and breaking 
them, we can hope to arrive at improved methods for making leather increasingly 
suitable for special needs. 

Sulfonated Oils 

Although most oils are insoluble in water, the fatty-acid portions of the oils 
can be given limited water solubilities by converting them into soaps, on the 
one hand, or into sulfonated oils on the other. In the case of a simple soap, 
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the water-insoluble fatty acid is combined with very soluble sodium or potassium, 
and the alkali metal carries the fatty acid into solution. When strong acid is 
added to a soap solution, it forms a salt with the alkali metal and the liberated 
fatty acid is immediately thrown out of solution. 

Most sulfonated oils are really soaps, but the fatty acid has a soluble sul- 
fonic group combined with it, which tends to give it a limited water solubility, 
even when the soap is decomposed by adding acid. This sulfonic group also enables 
the sulfonated fatty acid to enter into a loose combination with the chromium of 
chrome-tanned leathers. 


2,5 grams sulfonated neat afoot oil and 
0.26 gram 'borax in 50 cc. fatliquor at 40" C. 
per 100 grams wet leather for 2 hours. 



Fig. 310. Distribution of Oil through the Thickness of Chrome-tanned Calf Leather 
After Fatliquoring with Sulfonated Neatsfoot Oil. 

Working under the writer's direction, Merrill carried out a great many experi- 
ments on the fatliquoring of chrome-tanned calf leathers with sulfonated neatsfoot 
oil that are worthy of the tanner’s careful study. A chrome-tanned calfskin was 
cut into strips weighing 100 grams each in the wet state, and each strip was fat- 
liquored for 2 hours at 104° F. with 50 cc. of fatliquor, except as otherwise noted. 
The strips'* were split into 5 layers after fatliquoring, either before or after drying, 
and each layer was analyzed separately to determine the amount of oil at different 
depths below the grain surface. 

In the first two tests, a strip of 100 grams was fatliquored with 50 cc. of 
fatliquor containing 2.5 grams of sulfonated neatsfoot oil and 0.25 gram of borax. 
In the first test, the leather was split into 5 layers after fatliquoring and drying; 
in the second test, it was split before drying. The results of both tests are shown 
in Fig. 310. In depths from 30 to 70 percent, the oil found is apparently that 
originally present as natural animal fat. The sulfonated oil apparently penetrated. 
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to a depth of 30 percent both from the grain and flesh sides, although the grain side 
received more oil than the flesh side. Since the strip split before drying has the 
same distribution of oil as it had after drying, it is apparent that the oil did not 
penetrate further during drying. When raw oils are used, this effect is very 
different; during drying, the oils continue to spread over the wet surfaces of the 
fibers, and oils leave the surfaces and penetrate into the interior of the leather. 
This is one of a number of reasons for believing that sulfonated oils combine 
with chrome-tanned leathers. 

In the second series of tests, the 50-cc. portions of fatliquor contained increasing 
amounts of both sulfonated neafcsfoot oil and borax; for each 10 grams of oil, 1 gram 
of borax was added. Fig. 311 shows the total amount of oil taken up by the leather 



Fig. 311. Effect of Amount of Sulfonated Neatsfoot Oil Used in Fatliquoring Chrome- 
tanned Calf Leather on the Amount Taken Up by the Leather. 

w'ithout regard to its penetration. It increases in direct proportion to the amount 
of oil added. Approximately two-thirds of the total amount of oil added was taken 
up by the leather, and one-third remained in the liquor. 

Fig. 312 shows how the oil taken up by the leather was distributed throughout 
its thickness. With a small increase in amount of oil used, there is no increase in 
penetration, but when the amount of oil is increased tenfold, the oil penetrates 
deeply into the leather. This is further evidence that the sulfonated oil combines 
with the chrome-tanned leather and does not spread until an excess over the 
amount capable of combining with the leather is present. 
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In the third series of tests, the amount of oil used was kept constant at 2.5 
grams per 100 grams of wet leather, but the amount of water was increased. As the 
fatliquor was diluted with increasing amounts of water, the quantity of oil taken 
up by the leather decreased. When the volume of fatliquor containing 2.5 grams of 
oil was 50 cc., the dry leather contained 4.8 percent of oil, but when the fatliquor 
was diluted to 200 cc. with water, the dry leather contained only 3.0 percent of oil. 
On the other hcind, the depth of penetration of the oil remained practically the 
same. 



Fig. 312. Effect of Amount of Sulfonated Neatsfoot Oil Used in Fatliquoring Chrome- 
tanned Calf Leather Upon the Penetration of the Oil into the Leather. 

The fourth series was run to determine the effect of time of fatliquoring. The 
results, shown in Fig. 313, are plotted in two different ways. The upper curve 
shows the percentage of total oil added which was taken up by the leather ; in other 
words, after 4 hours the 100 grams of wet leather had taken up 85 percent of the 
2.5 grams of oil added. The lower curve shows the percentage of oil found in the 
dry leather multiplied by 10, so that the same scale could be used to advantage. The 
effect of time on the penetration is shown in Fig. 314 for fatliquoring times of 
30 minutes and 7 hours. For the fixed amount of 2.5 grams of sulfonated neatsfoot 
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Fig. 313. 

Progress in the Ab- 
sorption of Sulfonated 
Neatsfoot Oil by Chrome- 
tanned Calf Leather with 
Time of Fatliquoring. 




10 20 30 40 60 60 70 60 90 100 

Depth Below Oraln in Per Cent of Total Thiohneea 


Fig. 314. Penetration of Sulfonated Neatsfoot Oil Into Chrome-tanned Calf Leather 
as a Function of Time of Fatliquoring. 
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oil per 100 grams of wet leather, the time of fatliquoring has practically no effect 
on the depth of penetration of the oil into the leather. All the increased amount 
of oil taken up by the leather remains in the outer layers. 

A fifth series was run to determine the effect of pH valhe of the fatliquor. 
In this series, only the pH values of the fatliquors were increased by adding 
increasing amounts of soda ash. The pH values of the fatliquors increased from 
5.1 to 8.1 after fatliquoring. Fig. 315 shows the results for final pH values of 5.15 
and 8.07, and also for a series in which 0.39 gram of olive-oil soap and 0.94 gram of 
soda ash were added, the final pH value being 8.47. In the chart, Na 2 CO..j means 
soda ash. 


50 cc, fatliquor containing 2.5 grams of 
sulfonated neatsfoot oil at 40® C. par 100 
grams wet leather for two hours, 

#2.6 grams oil; final pH value 6.15. 

®2.5 grams oil and 1.0 gram Na2C03; 
final pH value 8.07. 


0 2.6 grams oil, 0.39 gram olive oil soap 
and 0.94 gram HagCOg; final pH value 
6 .47 . 

Average thickness of dry 
leather 1,8 ram. 
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Depth Below Orain in Per Cent of Total Thickness 


Fig. 315. Effect of pH Value and of Soap on the Penetration of Sulfonated Neatsfoot 
Oil into Chrome-tanned Calf Leather. 


Increasing the pH value had no effect on the total amount of oil taken up 
by the leather, but it had a definite effect in increasing the depth of penetration 
of the oil. 

A sixth series was run in which the strips of leather were kept for 2 weeks in 
sodium phosphate solutions with pH values adjusted over a range from 3.0 to 9.0. 
They were then fatliquored with equal portions of the same fatliquor. In this series, 
100-gram portions of wet leather were fatliquored with 100-cc. portions of fatliquor 
containing 4 grams of sulfonated oil and 0.4 gram of borax for 2 hours at 104° F. 
The results are shown in Fig. 316 for the leathers pretreated with phosphate solu- 
tions of pH values 4.0 and 9.0. There was essentially no difference in total oil 

tin hv fVlp luTf* fTiA rl/a-n+ln o-p ■mt'oc •(■«•»* -Pryi- •fl-i/a t^T-I 
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value. In this case, the results were complicated by the combination of phosphate 
with the chrome of the leather, which assists in the penetration of the sulfonated 
oil. 

Sulfonated neatsfoot oil appears to penetrate chrome-tanned calf leather to 
a depth of about 30 percent from both grain and flesh sides and then stop, unless 
great excesses of oil are used. The reason for this appears to be the fact that the 
neutralization of the leather in practice is only superficial, and sulfonated oil 
penetrates only to the depth that the leather has been neutralized. With increasing 
pH value, the vigor of combination of the oil with the leather is decreased and the 
oil penetrates more deeply. A knowledge of this fact has led to the now well estab- 
lished practice of starting the fatliquoring operation at higher pH values to get 
the necessary penetration and then acidifying to a pH value between 3.5 and 4,0 to 
get greater fixation of the oil by the leather. 



Depth Below Grain In Per Cent of Total Thiclmess 

Fig. 316. Effect of Pretreatment of Chrome-tanned Calf Leather with Sodium Phos- 
phate Solutions of Different pH Values on the Penetration of Sulfonated Neatsfoot 
Oil into It. 

Egg Yolk 

The commercial egg yolk used by the leather industry is usually made from 
eggs condemned as unfit for human consumption. About 100 lbs. of deshelled eggs 
and 20 lbs. of common salt are thoroughly mixed and sold as tanners’ egg 3 "olk. 
A salt-free egg yolk is also available in which the salt is replaced by a small 
amount of preservative. An average analysis of the salted egg yolk is water 59.4 
percent, protein 11.0 percent, fats 10.4 percent, other organic matter 0.4 percent 
and ash 18.8 percent, while that of the salt-free egg yolk is water 71.5 percent, 
protein 13.0 percent, fats 13.2 percent, other organic matter 0.5 percent and ash 
1.8 percent. 




502 


MODERN PRACTICE IN LEATHER MANUFACTURE 


The use of egg yolk in fatliquoring colored, chrome-tanned calf leathers has 
already been described above. Its use results in fine grain, desirable feel and 
very uniform and clear colors. 

Wilson, Merrill and Daub made a study of the emulsifying power of whole 
egg, the white, and the yolk as used in an ordinary fatliquor and of the effect of the 
fineness of the emulsion upon the quality of chrome calf leather. Equal parts of 
sulfonated neatsfoot oil and neutral neatsfoot oil were mixed. In each test, 10-gram 
portions of this mixture were mixed with varying amounts of whole egg, white 
or yolk and water at 100° F. to make a final volume of 100 cc. The pH values of 
all the emulsions lay between 7.0 and 7.1. The mixtures were shaken vigorously 



Grrams Egg per 100 cc. Eatllqpzor 

Fig. 317. Stability of Fatliquor Emulsion as a Function of Amount of Added Whole 
Egg, Egg White or Egg Yolk. 

and poured into tall cylinders. The stability was measured by the lapse of time 
before there was a perceptible separation of oil and water. The results are shown 
in Fig. 317. 

The white alone had the greatest stabilizing action and the yolk alone the least. 
When the mixed whole egg is allowed to stand for several weeks, it begins to 
thicken, but with no apparent change in water content. When the thickened egg 
is used, it increases the stability much more than when the fresh egg is used. 

Fig. 318 shows a photomicrograph of an egg-yolk fatliquor containing i lb. 
of sulfonated neatsfoot oil, H lbs. of commercial egg yolk and 1 lb. of borax 
per gal. of water. It appears to contain extremely tiny globules of oil inter- 
spersed between masses of flocculent albumen. 
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Fig. 318. Photomicrograph of Fatliquor Containing i Lb. of Sulfonated Neatsfoot 
li Lbs. of Commercial Egg Yolk and 1 Lb. of Borax per Gallon of Water. 


Oil, 


Magnification: 412 diameters. 
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Merrill studied the effect of adding egg yolk to sulfonated neatsfoot oil on 
the depth of penetration of the oil into chrome-tanned calf leather during fatliquor- 
ing. In one test, 100 grams of wet chrome calf leather was fatliquored with 
50 cc. of fatliquor containing 2.33 grams of sulfonated neatsfoot oil and 0.25 gram 
of borax for two hours. In the other test the 50 cc. of fatliquor contained 1.5 
grams of sulfonated neatsfoot oil, 6 grams of salted egg yolk and 0.25 gram of 


50 cc. fatliquor at 40® C. per 100 grams 
wet leather for 2 hours. 


O 8,33 grams sulfonated neatsfoot oil 
and 0.26 gram horax, / 

0 

® 1.50 grams sulfonated neatsfoot 
oil, 0.25 gram horax and S.O 
grans eomraercial salted egg 
yolk. 

(Total oil content the same 
in "both fatllquora) 



Average thickness of 
dry leather 1.6 mm. 



Fig. 319. 
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Depth Below Grain in Per Cent of Total Thickness 

Effect of Egg Yolk on the Distribution of Oil throughout the Thickness of 
Chrome-tanned Calf Leather during Fatliquoring. 


borax. The effect of the egg yolk upon the distribution of the fat throughout the 
thickness of the leather is shown in Fig. 319. The egg yolk actually causes the 
oil to be taken up preferentially by the flesh side of the skin, which, obviously, 
has many advantages. Many other tests were run and this effect was found in 
every one. It was also found to result from the addition of salt-free egg yolk, 
whole fresh egg, fresh white or fresh yolk. It was not found when dried egg 
albumin was dissolved in water and added. 

The effect of egg yolk in causing the oil to be taken up preferentially by the 
flesh side of the leather is shown more strikingly in a series of experiments with 


Table 43. Effect of Commercial Egg Yolk upon Distribution of Oil Throughout 
Thickness of Leather in Fatliquoring 


Grams Egg Yolk Used 
per 100 Grams Wet 

•Per Cent 

Oil Found in 

C-— Fer 

Cram Layer 

Cent Total Oil Found in - 
Flesh Layer 

Ratio 

Chrome Calf Leather 

Di'y Leather 

G 

F 

G/F 

None 

4.26 

30 

18 

1.67 

2 

4.85 

19 

16 

1.19 

4 

S.78 

21 

29 

0.72 

8 

6.52 

14 

32 

0.44 
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variable amounts of egg yolk. 100-gram portions of wet chrome calf leather 
were fatliquored with 50 cc. of fatliquor containing 1.5 grams of sulfonated neats- 
foot oil, 0.25 gram of borax and increasing amounts of salted egg yolk. The 
leathers were split into la^^ers and analyzed. Table 43 gives the amount of egg 
yolk used, the percent of fat found in the dry leather, the percent of the total 
oil in the leather which is present in the grain and flesh layers, each having 
a thickness of one-tenth of that of the whole leather. 

With increasing amount of egg yolk used in fatliquoring, the total fat content 
of the leather increases, as would be expected, but the amount of fat in the grain 
layer decreases. If no egg yolk is present, the grain layer receives 1.67 times as 
much oil as the flesh layer. When 8 grams of egg yolk per 100 grams of wet 
leather is used, the grain layer receives only 0.44 times as much oil as the flesh 
layer. This power of egg yolk to cause the oil to be taken up preferentially through 
the flesh side of the leather is of very great practical value in giving the leather 
a clearer color and tighter grain. 

This effect of egg yolk can also be produced by using the egg whites alone, 
but the use of the whole egg gives a practical result decidedly superior to that 
obtained with the white alone. The egg white causes the same preferential absorp- 
tion of oil through the flesh side of the leather as is obtained with the whole egg, 
so it may be concluded that the constituents of the yolk exert some beneficial effect 
on the leather in addition to that resulting from preferential absorption of oil 
through the flesh layer. 

The writer suspected that the lecithins of egg yolk might be responsible for 
many of the desirable properties incorporated into leather by the use of egg yolk 
in fatliquoring. Experiments with the lecithins obtained from soybean seem to bear 
out this suspicion. Commercial fatliquors containing lecithin are now available. 
The lecithin molecule contains a phosphorus atom associated with three oxygen 
atoms, forming a grouping that is present in the Calgon molecule. This led the 
writer to suspect that metaphosphate groups might be incorporated into the mole- 
cules of many types of oils to very great advantage; therefore he proceeded to make 
phosphorated oils by treating various oils with phosphorus pentoxide. 

Phosphorated Oils 

It is well known that various sodium phosphates combine so vigorousl}^ with the 
chromium of chrome leather that they will displace combined sulfate quantitatively. 
This suggested the idea that phosphorated oils would combine with chrome-tanned 
leathers much more vigorously than sulfonated oils would. The writer succeeded in 
phosphorating most of the oils used in fatliquoring leather, and such phosphorated 
oils are now commercially available. 

It was also suspected that the metaphosphate group in a phosphorated oil would 
combine directly with hide protein just as Calgon does, the vigor of combina- 
tion increasing with decreasing pH value. 

Phosphorated oils combine very vigorously with all kinds of leather, but they 
do not penetrate very well when used alone. For this reason, they are almost always 
used together with sulfonated oils. Fig. 320 is a photomicrograph of a fatliquor 
containing i lb. of phosphorated soybean oil and i lb. of sulfonated soybean oil 
per gallon. 

The uses of Tanoyl No. 1170 (National Oil Products Co.) for both vegetable- 
tanned and chrome-tanned leathers have been described in the procedures given 
above. This is a blend of phosphorated cod oil, sulfonated cod oil and chamois 
moellon degras which can be used to advantage on any kind of leather, except 
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Fig. 320. Photomicrograph of Fatliquor Containing I Lb. of Phosphorated Soybean Oil 
and i Lb. of Sulfonated Soybean Oil per Gallon. 

Magnification: 412 diameters. 
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white leathers and leathers of pastel shades, where the slight color imparted by cod 
oil might be undesirable. Tanoyl No. 1170X is a mixture of phosphorated and sul- 
fonated coconut oils suitable for whites and pastel colors. 

Moellon Degras 

The oil left after chamoising sheepskins is sold commercially under the name 
of moellon degras. This is a very valuable fatliquoring material, being particularly 
suitable for fatliquoring vegetable-tanned leathers. Fig. 321 is a photomicrograph 
of a typical moellon-degras fatliquor containing 0.28 lb. of moellon-degras, 0.19 lb. 
of raw cod oil, 0.17 lb. of fig soap and 0.24 lb. of soda ash per gallon. Some of the 
larger oil globules appear to be emulsions of water in oil. Fatliquors practically 
always consist of emulsions of oil in water, but in moellon-degras fatliquors, we 
frequently find globules of oil consisting of emulsions of water in oil. Moellon 
degras apparently still retains some of the chamoising properties of cod oil and helps 
to give the leather a full and mellow feel. 

Mineral Oils 

Paraffin and other mineral oils are seldom used in large quantities on light 
chrome-tanned leathers because they do not appear to combine with the leather; 
they penetrate deeply into it during the drying operation by spreading over the 
wet surfaces of the fibers, and this has a tendency to make the leather loose. For 
heavier leathers which are apt to be too tight, the use of mineral oils is often 
very advantageous in imparting a desired mellowness to the leather. 

A fatliquor of mineral oil can be prepared as follows: Mix 10.4 lbs. of oleic 
acid with 5 lbs. of refined white paraffin oil and then add 4 lbs. of triethanol- 
amine (Carbide & Carbon Chemicals Corp.). Mix thoroughly until a clear viscous 
solution is obtained. Then add 80 lbs. more of the paraffin oil and mix well. This 
may now be diluted with water to any desired extent. It may be used alone or in 
mixtures with other fatliquors. 

Stuffing Greases 

In stuffing leathers, the oils and greases penetrate completely through the 
leather because they depend for their penetration upon their powers to spread 
over wet surfaces. They are usually applied to leathers that would otherwise 
be very tight and firm. In selecting the proper oils and greases, the tanner is 
much concerned with their melting points, viscosities at different temperatures 
and amounts that may be used without causing excessive looseness or greasiness. 

Colloidal Clays 

Manufacturers of white leathers frequently use colloidal clays together with 
the fatliquor to get the proper softness and feel to the leather. Some tanners of 
shoe-upper leathers also use colloidal clays to get additional fullness and softness 
to the leather. The clay is usually added immediately before the fatliquor. When 
the stock is in the drum ready to receive the fatliquor, mix 3 lbs. of colloidal 
clay-A (Saxe- Rush worth Co.) with 3 gals, of water at 120° F. per 100 lbs. shaved 
weight of stock in the drum, add to the drum, run 5 min. and then add the fat- 
liquor. The clay is so finely divided that it readily penetrates into the outer layers 
of the leather and is carried in still further by the fatliquor. The use of clay 
in making glove leathers is very desirable in giving the leather a fine, smooth and 
silky feel. 

When English kaolin is subjected to a process of flotation, it separates into 
twn nnrtinns* 10 nercent remains in susoension in the water and 90 percent sep- 
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Fig. 321. Photomicrograph of Fatliquor Containing 0.28 Lb. of Moellon Degras, 0.19 Lb. 
of Raw Cod Oil, 0.17 Lb. of Fig Soap and 0.24 Lb. of Soda Ash per Gallon. 


TV/Tci crni-fnrQ+ir»n * 4.19 rli'i-m A+prc 
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Fig. 322. 

S. & R, Brand “A.” English 
Colloidal Clay. 


Fig. 323. 

S. & R. Brand “B.” English 
Colloidal Clay. 




arates out as an insoluble powder. The 10 percent remaining in suspension is 
known as English Colloidal Clay. In practice, the colloidal clay is separated fur- 
ther into two fractions, the more finely divided of which is known as Brand “A” 
and the less finely divided as Brand “B.” Fig. 322 shows a sample of Brand “A” 
highly magnified and Fig. 323 shows a sample of Brand “B’’ at the same magnifica- 
tion. Fig. 324 shows a sample of ordinary washed clay at the same magnification. 
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The colloidal clays are entirely unlike the ordinary clays used in leather manu- 
facture in the extreme fineness of the particles, which permits them to penetrate 
deeply into the leather. The writer made a number of tests on various clays in 
which 1 lb. of clay was mixed with 1 gal. of water and allowed to stand for an hour. 
78 percent of the colloidal clay-A still remained in suspension ; 9 percent of colloidal 
clay-B remained in suspension and only 4 percent of the ordinary soluble clay 
remained in suspension. Under a microscope, the writer measured the average size 
of the particles of colloidal clay-A and found them to be less than 0.00004 inch in 
diameter. Colloidal clays are composed chiefly of aluminum silicates. 

Aniline Dyestuffs 

In the procedures given above, the uses of some specific dyestuffs were men- 
tioned, but this does not do justice to the enormous variety of dyes used by tanners. 
In the hope of getting together for the reader some useful information on most 
of the dyes used on leather, the writer invited the cooperation of a number of 
dyestuff manufacturers. To be included in this book, it was necessary that such 
information be very greatly condensed, because a reasonably full treatment would 
require an entire book the size of this one. 

Messrs. R. Tiedemann and O. W. Bertram of the Commonwealth Color & 
Chemical Co. prepared for this book the information contained in Table 44. It 
is necessary to explain both the headings and the letters that designate the prop- 
erties of the dyes. The first column gives a list of the dyes with Commonwealth's 
trade name. If the dye is also made by other manufacturers, the Color Index 
Number is given in the second column, which identifies it. In the next 8 columns 
are given data on the behavior of the dye on different types of stock, ^Uhrome'^ 
meaning chrome-tanned stock, ^^Bark^^ meaning vegetable-tanned stock, ‘'Form” 
meaning formaldehyde-tanned stock, and “Syn. Tans” meaning stock tanned with 
syntans. Under each kind of tannage, “Gr.” means full-grain stock and “Su.” 
means suede leather. “Exh.” means exhaustion. “Pen.” refers to the depth of 
penetration of the dye. “Grain & Flesh Rel.” refers to the relative takeup of dye 
by the grain side or flesh side of the leather. The next column refers to the even- 
ness or uniformity of color of the dyed leather. The next column refers to the 
behavior of the dyed leather upon glazing, and the last column classifies the dye as 
to whether it is an acid dye, a basic dye, a direct dye or a chrome dye. 

The behavior or effect of the dye is indicated by letters under the headings 
which have the meanings given in the following key: 


Key to Table 44. 



E Excellent 

P Poor 


G Good 

F Fair 

U Uneven 

FH 

Flesh Heavier 

GH Glazes Heavier 

FSH 

Flesh Slightly Heavier 

GSH Glazes Slightly Heavier 

FL 

Flesh Lighter 

GMH Glazes Much Heavier 

FD 

Flesh Duller 

GSL Glazes Slightly Lighter 

FR 

Flesh Redder 

T True 

FY 

Flesh Yellower 

GSY Glazes Slightly Yellower 

FGr 

Flesh Greener 

GSB Glazes Slightly Bluer 

FBk 

Flesh Blacker 

GSGr Glazes Slightly Greener 


B Bronzes 

Form. Formaldehyde 


GBL Good But Light 

Pen, Penetration 


Gr. Grain 

Su. Suede 

Exh. Exhaustion 



Table 44. Behavior of Different Dyes on Different Types of Leathers. 
BEHAVIOR ON FOLLOWING STOCKS 
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In preparing Table 44, it was recognized that it is difficult to follow any 
rigid rule in comparing colors. If a color works well for a medium shade, it 
is marked good, even though it may not be suitable for light or pastel shades. The 
ratings for basic dyes are those for dyeing vegetable tanned leathers ; they may not 
hold true for chrome-tanned stock mordanted with natural dyes. The ratings for 
syntan leathers are for leathers tanned with both chrome and syntans. 

Mr. H. B. Marshall of Ciba Company, Inc. furnished the data given in Table 
45. The dyes are separated according to kind and use to which they are to be put. 
With each dye is given the Color' Index number to identify it with respect to the 
dyes of other manufacturers. 

Books of color cards and procedures were also received from Calco Chemical 
Company and from National Aniline and Chemical Company, but these could not be 


Table 45. Dyes Used < 
Basic Colors (used on vegetable sheep 

Color 

Index No. Name of Dye 

789 Phosphine GC 
789 Phosphine 2GC 
332 Bismarck Brown R Extra Cone. 

841 Safranine YN 
909 New Blue RS Cone. 

922 Methylene Blue 2B Cone. 

Direct Colors (used on chrome side 

581 Direct Black EAC 
581 Direct Black CX Double 
406 Direct Blue 2B 
401 Melanthrene BHX 
448 Benzopurpurine 4B 
327 Direct Scarlet SE 
382 Direct Fast Red 3B 
415 Direct Orange R 
419 Direct Fast Red F 

Acid Colors (used on side 

666 Acid Green 
— Kiton Pure Blue A 
— Acid Blue RBF 
208 Brilliant Acid Blue R 
Pr. 199 Victoria Fast Violet L. Cone. 

698 Acid Violet 4BNS Extra Cone. 

252 Brilliant Croceine Scarlet MOO 
Cone. 

176 Rocceline 
262 Cloth Red 2B Cone. 

246 Acid Black BB Cone. 

— Acid Blue SM 

Neolan Colors (used on men’s weight calf 

— Neolan Yellow BE 
— Neolan Yellow GR Extra 
Pr. 146 Neolan Orange R 
— Neolan Orange G 
— Neolan Red 3B 
— Neolan Red GRE 
Pr. 145 Neolan Bordeaux R 
— Neolan Brown GR 


,1 Various Types of Leathers. 

and for topping on calf suede and splits.) 

Color 

Index No. Name of Dye 

655 Auramine 0 
657 Malachite Green Crystals 
749 Rhodamine B 
— Basic Black No. 2 
20 Chrysoidine Y 


leather and chrome calf suMe and spits.) 

— Direct Fast Bordeaux B 
394 Direct Violet N 
420 Direct Brown MR Cone. 

420 Direct Brown M. Cone. 

561 Triazol Brown B 
596 Direct Brown 5C Extra Cone. 

620 Direct Yellow TG Cone. 

621 Direct Fast Orange 2R 


leather, calf, splits and sheep) 

10 Napthol Yellow S 
146 Azo Yellow 
151 Orange YZ 
161 Kiton Fast Orange 2R 

234 Resorcine Brown B 

235 Resorcine Brown 3R Extra 
289 Cloth Fast Blue R 
— Leather Grey RC 
— Fast Leather Brown EGC 
— Fast Leather Brown RLC 
— Kiton Brown R 
138 Orange MNO 

skins to produce a non-pigment finish.) 

— Neolan Brown GC 
— Neolan Violet 5R 
— Neolan Violet R 
Pr, 144 Neolan Blue 2G 
— Neolan Blue 2R 
— Neolan Navy Blue 2RL Cone. 
— Neolan Green BL Cone. 

Pr. 143 Neolan Black WA Extra 
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reproduced properly in this book. However, they contain much information of 
great value to the leather dyer, which he can obtain directly from the manufacturers. 


Natural Dyestuffs 

Before the advent of the aniline dyestuffs, tanners were almost entirely 
dependent upon natural dyestuffs and vegetable tanning* materials for their colors. 
Mr. H. R. Tisdale of American Dyewood Company has supplied books of color 
cards and procedures as well as the following list of vegetable materials used as 
dyestuffs : 


Logwood (both oxidized and unoxidized) 

Fustic 

Hypernic 

Quercitron bark 

Osage orange wood 

Cutch (Burma) 

Cutch (Mangrove) 

Gambier (common, cube and plantation) 
Sicilian sumac leaves 
Domestic sumac 


Gallnuts 
Divi divi 
Hemlock bark 
Valonea 
Myrobalans 
Wattle bark 
Chestnut wood 
Chestnut oak bark 
Quebracho 


Most of these have been described above and in preceding chapters. These 
natural vegetable materials play a big part in the dyeing of leather, usually for 
mordanting or providing the bottom color, and are often topped with aniline dyes. 
In many cases, they represent a considerable saving of money with an improved 
result. 
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Chapter 16 

Drying Light Leathers and Mechanical Operations 

Proper drying and mechanical handling of leather are among the most vital 
operations in the tannery. Until comparatively recently, drying was generally con- 
sidered as merely an incidental operation to be done as quickly and cheaply as 
possible without regard to changing conditions of the atmosphere and changing 
rates of drying. During rainy weather, a tanner might heat the air of a drying 
room to speed up drying or he might allow for a very much longer drying period. 
Often tanners dried their leather in drying tunnels equipped with fans to circulate 
the air and with heating coils to raise the temperature whenever the leather refused 
to dry at a reasonable rate. When the outside temperature was well below the 
freezing point, it was often found that the leather at room temperature dried so 
rapidly that it shrank to smaller area than usual and became rough and badly dis- 
torted in shape. The effects of this were partly overcome by dampening the leather 
after drying, flexing it by staking and then tacking it out on boards to dry again in 
a flat and extended condition. 

There are so many different operations involved in making leather that often 
a tanner could not attribute to any one operation serious defects found in the 
finished leather, and the operation of drying seemed so simple that it was seldom 
suspected at all, even when it was the sole cause of the defects. Probably the 
advent of chrome tanning did more than any one thing to make tanners aware of the 
fact that improper drying conditions and improper mechanical handling of the 
stock during drying can completely ruin otherwise perfect leather. 

Fifty years ago most light leathers were vegetable tanned, and tanners had 
become fairly well skilled in the drying and mechanical handling of such leathers 
without a knowledge of relative humidity of the atmosphere. In some tanneries 
the old methods are still in use without much change resulting from our growing 
knowledge of air conditioning. 

Drying Vegetable-tanned Calf Leathers 

After vegetable-tanned calf leathers have been fatliquored and colored and 
set out just as smoothly and completely as possible, each skin is laid out flat on 
a table, grain side up, and the grain surface is coated with oil. Various mixtures 
of oils may be used, but one found quite satisfactory consists of a mixture of 3 
parts of denatured olive oil to 1 part of light paraffin oil. This oil retards the 
evaporation of water from the surface, preventing the drying from being too rapid 
and the tannins in the grain surface from oxidizing, which would discolor the 
leather. Instead of becoming brittle, the grain surface remains soft. The oiled 
skins are then laid out smoothly on wooden boards and held in place by tacks driven 
in close to and all around its outer edges, a few inches apart. This operation can 
be seen in detail in Fig. 300 of Chapter 15 (p. 479). In tacking the leather, the 
skins are not pulled out and extended more than is necessary to keep them flat and 
smooth. During the drying, the skin tends to shrink to some extent, but its area 
is maintained by the tacks, and the leather after drying is very smooth. In the 
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picture, the wooden frame is large enough so that two skins may be tacked onto 
each side of it, making four skins to the frame. 

After the skins have been tacked onto a frame, the frame is stacked vertically 
with many other frames, as shown in the background of Fig. 300. The edges of 
the frames are so built up that there is a space of about three inches between the 
skins of one frame and those of the next frames. This is done to prevent skins 
from touching during drying and to allow sufficient space for ventilation. The 
frames are stacked on wooden rails to keep them several inches above the floor 
to allow complete circulation of air between the skins. 

Above the frames are placed ordinary large fans which force a circulation of 
air between the frames. Where there is no temperature and humidity control of the 
air, a skilled foreman regulates the operation of the fans, the temperature of the 
air and the position of the frames with respect to the fans, so that the drying 
proceeds uniformly over a 24- to 48-hour period. In some plants today, the fore- 
man is guided in his judgment also by frequent measurements of relative humidity. 
If by chance the speed of drying increased at such a rate as to cause oxidation and 
discolorations, the foreman would shut off the ventilating fans. The foreman 
learns by experience to draw the air either from the outside or from other depart- 
ments of the tannery, and in this way exerts a rough control over both temperature 
and relative humidity, which may vary from 70° F. and 75 percent relative humidity 
at the start of the drying operation to 80° F. and 50 percent relative humidity at its 
conclusion. 

When the leather is taken from the tacking frames, it usually contains about 
10 to 12 percent by weight of water, which is considered air dry. At this stage, the 
leather may feel somewhat firm, but it is easily made soft and flexible by a light 
staking in the air-dry condition and it is then ready for finishing. 

Drying Chrome-tanned Calf Leathers 

When tanners who had previously tanned only vegetable-tanned calfskins first 
started to make chrome leather, they ran into many difficulties. The leather, after 
drying, was so hard and tinny that it could not be staked without damage to the 
leather. It was found necessary to dampen the leather with water and allow it to 
condition for a day or more before it could be staked and made flexible enough for 
use. Moreover, it was found that the tendency for the leather to shrink during 
drying was relatively enormous. Tacking out the leather on frames for drying pre- 
vented this shrinkage, but only by rupturing the fibers to such an extent as to 
make the finished leather very loose and pipey. After many failures, they found it 
best to hang the leather to dry so that it could shrink and dry without tension, and 
then to dampen it by piling it in damp sawdust for a day or more, stake it to make 
it flexible and then to tack it out for final drying. 

This resulted in a loss of about 10 percent in area-yield of leather, but the 
leather was so improved in quality as more than to offset the loss in area. This 
method became practically universal and is still widely practiced. Tanners arl 
employing drying tunnels to an ever increasing extent ; this makes it easy to con- 
trol rates of drying by controlling the rate of flow of air and its circulation through 
the stock, as well as the incoming and outgoing temperature and relative humidity 
of the air. 

After the chrome-tanned skins have been set out after coloring and fatliquoring, 
they are hung to dry either in special drying rooms or by passing through specially 
designed drying tunnels. Fig. 325 shows the entrance to a modern drying tunnel ; 
inside is a pair of endless-chain belts supporting many wooden beams equipped with 
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sharply pointed hooks. The operator hangs the skins from these hooks and they are 
taken off at the other end in a dry condition. Sometimes the skins are merely hung 
over poles or rods. Fig. 326 shows calfskins hung in this way after they have 
left the drying tunnel. At this stage, the dried leather is very hard and tinny. 

To get a better appreciation of the cause of this hard condition, it would be 
well to refer back to the section of Chapter 15 headed ''What Fatliquor Does to 
Leather^ Here it was explained how and why the fibers of a skin cohere with 
enormous forces whenever they are allowed to dry from a wet state while in con- 
tact. These forces are lessened when the surfaces of the fibers are first coated with 
oil, as in fatliquoring. They are also lessened to a very marked degree by vegetable 





Courtesy B. D. Eisendrath Tanning Co. 
Fig. 325. Hanging Chrome-tanned Calfskins to Dry at the Entrance of Drying Tunnel. 

tanning, but not by chrome tanning. In fatliquoring chrome-tanned calfskins, very 
much less oil is used than in the case of vegetable-tanned calfskins, with the result 
Aat the forces of cohesion of the fibers of the chrome-tanned leathers are vastly 
greater than for the vegetable-tanned leathers. 

During the drying of the fibers which are in contact, a critical water content 
is reached at which the cohesions become effective. This water content has a 
value of about 34 percent. If the leather is examined when its water content has 
dropped to only about 35 percent, the fibers will be found not to be strongly 
cohering. But, as the water content is decreased below 34 percent, the fibers will 
be found to cohere with increasing vigor. When the leather has dried completely, 
it will be found that the fibers are cohering so strongly that any attempt to sep- 
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arate them by flexing will result in actual rupture of the fibers themselves. During 
the drying of chrome-tanned leather, it undergoes a considerable shrinkage in vol- 
ume and this shrinkage is greatly increased by the cohesions of the fibers, the 
leather finally becoming very dense, hard and tinny. 

Before the leather can be made to serve its normal purposes, it is necessary 
to reduce the number of cohesions of the fibers. Before the fibers can again be 
separated practically by flexing, it is necessary to dampen the leather with water 
back to a water content of about 34 percent. At this water content, the fibers can 
be separated by the flexing action of the staking machine without rupturing the 
fibers. When the fibers have been separated at this water content and the leather 
is then dried, the tendency for the fibers to cohere is greatly lessened and the 
leather dries out soft and flexible. 



Courtesy The Ohio Leather Co. 

Fig. 326. Chrome-tanned Calfskins Coming from Drying Tunnel. 


However, if the leather is staked when its water content is much above 34 per- 
cent, the fibers are readily separated but they again cohere strongly as the water 
content is decreased by drying to a point much below 34 percent. Thus the oper- 
ation of dampening for staking requires delicate control. Unlike vegetable-tanned 
leather, chrome-tanned leather does not absorb water quickly, and it does not readily 
wet back to its condition before drying. 

Dampening Chrome-tanned Leather for Staking 

Without laboratory control, the dampening of chrome- tanned leather for staking 
requires considerable skill. One of the commonest practical methods involves 
packing the leather in dampened sawdust and leaving it there for a day or longer 
to absorb just the right amount of water, an operation known as samming. The 
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experienced operator adds water to sawdust and mixes it thoroug-hly. He judges 
the amount of water to add by the feel of the sawdust and determines when the 
leather packed in it is ready for staking by feeling it. All this requires a great 
deal of skill and experience. Laboratory control is much more time-consuming, 
but it does not require previous experience and is more reliable than the sense of 
feel of most operators. 

If uniform results are to be obtained, it is necessary to control the drying 
operation so that the air-dry leather always contains the same amount of water, 
say 10 percent. It is convenient to make calculations on the basis of a pack of 
leather of 1000 lbs. air-dry weight. This pack will contain 900 lbs. of absolutely 
dry leather and 100 lbs. of water. A pile of sawdust is taken containing 750 lbs. 
of dry sawdust and 750 lbs. of water, intimately mixed. First a thin layer of damp 
sawdust is placed on the floor and then a skin is laid on it. Then a layer of saw- 
dust is sprinkled over the skin and another skin is placed on it. This is con- 
tinued until a pile is built containing the 1000 lbs. of air-dry leather and the 1500 
lbs. of sawdust of 50 percent water content, the sawdust being evenly distributed 



Courtesy B. D, Risen drath Tanning Co. 

Fig. 327. Dipping Chrome-tanned Calfskins in Water Preparatory to Samming for 

Staking. 

throughout the . pile, which is then covered with a heavy canvas blanket and 
allowed to sam until the water is evenly distributed between sawdust and leather. 
Although the sawdust and leather do not have exactly the same affinities for 
water, any differences are too small to have any practical effect. At equilibrium, 
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we have 850 lbs. of water held bj' 1650 lbs. of dry leather and sawdust, giving 
both leather and sawdust an average water content of 34 percent. The time 
allowed for attainment of equilibrium is from 24 to 48 hours, and the temperature 
should be kept between 65 and 75° F. or as nearly within this range as is practical. 
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Courtesy The Ohio Leather Co. 

Fig. 328. Crusting Chrome- tanned Calfskins. 


Another common method of dampening leather for staking is either to dip it 
in water or to sponge it with water so that each 1000 lbs. of air-dry leather*- 
receives 364 lbs. of water. The leather is then piled and covered to sam for a day. 
Fig. 327 shows a skilled operator dipping chrome-tanned calfskins into a tank of 
water preparatory to piling them for samming. 

Some tanners dry their leathers very quickly to a water content much below 
10 percent in which condition they do not wet back readily nor uniformly in 
samming. Before samming such leather, it is desirable to allow it to take up 
water from the air to attain a water content of about 10 percent. Upon being 
taken from the drying tunnels, the leather is simply piled in an open room and 
allowed to condition. It may be kept in the conditioning room for an indefinite 
period. This conditioning operation is known as crusting. Fig. 328 shows piles 
of chrome-tanned calfskins in crust. 

Staking 

When the- skins^are taken after samming at a uniform water content of about 
34 percent, it is necessary to separate the fibers by a flexing action before the 
skins have had a chance to.; dry very much. This is done on a staking machine. 



Courtesy The Ohio Leather Co. 

Staking Chrome-tanned Calfskins After Samming and Before Tacking to Dry. 
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Fig. 329 shows a battery of staking machines with operators at work staking 
chrome- tanned calfskins. The operator in the foreground has just placed a 
calfskin on the table of the machine. The table is divided into two parts with an 
opening between them about 10 inches wide. The machine is equipped with two 
long jaws, one above and one below the table. The upper one has a rubber 
roll at its end and the lower one has a bladed opening into which the roll of 
the upper jaw may sink. The jaws are open as they come toward the operator, 
and he slides a portion of the skin between them. The jaws then come together 
and pull back. As they do so, they force the leather to flex sharply over the 
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Courtesy B. D, Eisendrath Tanning Co. 

Fig. 331. Stakers at Work on Chrome-tanned Calfskins After Samming 

Before Drying. 

blades of the lower jaw and around the roll of the upper jaw. With each such 
movement of the jaws, the operator shifts the position of the skin so that each 
portion of the area of the skin is flexed or staked by the moving jaws. The 
operator can regulate the pressure of the staking by the position of the blades 
of the lower jaw and the depth to which the upper roll forces the leather between 
the blades. Usually less pressure is applied over the flanks and looser parts of 
the skin. The operator holds the skin in place against the backward pull of the 
jaws, and some machines are equipped with automatic clamps that grip the skin 
when the jaws are staking it. Instead of a roll in the upper jaw, some machines 
have a smooth blade which forces the leather into a slot; both blade and slot 
pull backward with the leather between them, flexing the leather sharply along 
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their path. Fig. 330 shows a machine with the automatic clamp extending down- 
ward from the frame. Each time the jaws pull backward, staking the skin, the 
clamp grips the skin tightly and holds it to the operator's end of the table. These 
machines are usually equipped with a blade instead of a roll and are usually used 
for the second staking, which is done after drying and before finishing in order 
to break up slight cohesions between the fibers that still remain. This operation 
is often referred to as grain staking. 

Fig. 331 shows another interesting view of stakers at work on chrome-tanned 
calfskins before tacking and drying. 


Courtesy The Ohio Leather Co. 

Fig. 332. Tacking Out Chrome-tanned Calfskins After Staking Before Drying. 

Tacking or Toggling 

After the skins have been staked and before they have had a chance to dry 
very much from their 34 percent water content, they are often tacked out on boards 
so that they will dry in a smooth and extended condition. Fig. 332 shows tackers 
at work on a calfskin taken immediately after staking. One skin is tacked onto 
each side of a wooden frame and the frames are stacked vertically under a revolving 
fan, much as in the case of vegetable-tanned calfskins. 

Among the time and labor savers in modern drying systems are complete 
drying units consisting of- perforated metal frames which slide into place, forming 
their own drying chamber. A “frame slides out of its place in the unit in a hori- 
zontal direction, the frame itself being in a vertical position attached to a support 
so that it can be rotated. The frame is turned to a horizontal position and a skin 
is attached to it by means of toggles. A toggle is a metal clamp, capable of grip- 
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ping- the leather along an edge, with a hook which can be inserted into one of 
the holes of the perforated frame. The workmen clamp toggles to the skin all 
along its outer edge and then pull the toggles away from the center and insert 
the hooks in the perforations in the frame so that the skin is pulled out smooth 
and tight. The frame is then rotated so that the opposite side is up, and a second 
skin is toggled onto it. The frame is then rotated to the vertical position and slid 
back into the drying unit. Fig. 333 shows three workmen toggling out a calfskin. 
Behind them a frame has been slid out of the drying unit to show a calfskin in 
the course of drying. Fig. 334 shows another such drying unit. 
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Courtesy B. D. Eisendrath Tanning Co. 

Fig. 333. Toggling Out Chrome-tanned Calfskins for Drying in Unit Dryer. 

Each frame is so constructed that when all are in place, they form their own 
drying chamber, and conditioned air is circulated around and between the skins 
so that they dry completely in only a few hours. After the leather has been 
dried, it is taken off the frames and allowed to stand for a few hours or longer 
to take up a little moisture from the atmosphere; it is then dry-staked and sent to 
be finished. 

Knee Staker 

The simple knee staker was probably the forerunner of the modern staking 
machine, and it is still in use in some tanneries for staking very small skins and 
pieces of leather and for staking only small areas of larger skins. It derives its 
name from the fact that the workman uses his bare knee in operating it. The 
workman wears a pair of trousers with one leg cut off above the knee. The 
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Fig. 334. Toggling Chrome-tanned Calfskins. 

knee staker consists simply of a rounded metal blade set in a heavy squared 
log, as shown in Fig. 335. The workman presses the leather against one side of 
the blade with his bare knee and with his hands pulls the leather sharply across 
the blade with a pressure varying according to the amount of flexing required 
to soften the leather without distorting it. 

Air Conditioning 

Air conditioning consists essentially of adjusting the temperature and water 
content of air to serve best some particular purpose. It is of very great economic 
importance to the tanner to have a thorough knowledge of the principles involved 
in air conditioning. It will not only enable him to save money in drying his 
leather, but it will help him to produce leather of higher quality. The properties 
of leather vary with the relative humidity of the atmosphere, and it is important 
to know in what manner and to what extent. 

Solubility of Water in Air 

At any given temperature, water has a limited solubility in air; that is, a 
given amount of air can dissolve or absorb only a fixed amount of water and no 
more. When air contains this limited amount of water, it is said to be saturated, 
and no wet material placed in it will dry or lose any water because saturated 
air contains all the water it can hold. However, the amount of water that air can 
hold increases with temperature. For example, if we analyze 1000 cu. ft. of satu- 
rated air at 100° F, we find that it contains exactly 2.851 lbs. of water and cannot 
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absorb any more. If we take 1000 cu. ft. of saturated air at 200° F., we find 

that it contains 29.700 lbs. of water. With each increase in temperature, the 

solubility of water in air increases. 

When air is heated, it expands. For example 1000 cu. ft. of dry air at 70° F. 
weighs 74.92 lbs., but when heated to 200° F. it increases in volume to 1246 cu. 
ft., but still weighs 74.92 lbs. Thus when we refer to 1000 cu. ft. of dry air at 

70° F., we refer to 74.92 lbs. of air, but when we refer to 1000 cu. ft. of air at 

200° F., we refer to only 55.14 lbs. of air. This should be kept in mind in what 


Fig. 335. Stehling Knee Staker. 


Courtesy Chas. H. Stehling Co. 



follows or confusion of ideas may result. Table 46 shows the total weights of 
both dry air and of water contained in 1000 cu. ft. of saturated air at different 
temperatures. 


Table 46. Weights of Water and of Dry Air in 1000 Cu. Ft. of Saturated Air at 

Different Temperatures. 


Temp. 

f Weight 

lbs. 

in 1000 Cu. 
lbs. 

Ft. 

lbs. 

(°F.) 

Total 

Water 

Dry Air 

0 

86.29 

0.07 

86.22 

10 

84.42 

0.11 

84.31 

20 

82.62 

0.18 

82.44 

30 

80.88 

0.28 

80.60 

40 

79.17 

0.41 

78.76 

50 

77.51 

0.59 

76.92 

60 

75.86 

0.83 

75.03 

70 

74.22 

1.15 

73.07 

80 

72.57 

1.58 

70.99 

90 

70.90 

2.13 

68.77 

100 

69.19 

2.85 

66.34 

no 

67.37 

3.76 

63.61 


Temp. 

Weight 

lbs. 

in 1000 
lbs. 

Cu. Ft. 

lbs. 

(“F.) 

Total 

Water 

Dry Air 

120 

65.48 

4.91 

60.57 

130 

63.46 

6.34 

57.12 

140 

61.29 

8.12 

53.17 

150 

58.91 

10.28 

48.63 

160 

56.31 

12.92 

43.39 

170 

53.42 

16.09 

37.33 

180 

50.22 

19.89 

30.33 

190 

46.66 

24.38 

22.28 

200 

42.68 

29.70 

12.98 

210 

36.16 

35.93 

2.30 

212 

37.29 

37.29 

0.00 


As the temperature increases, it will be noted that the proportion of water to 
dry air increases until at the boiling point of water, 212° F., the air consists 
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entirely of gaseous water. Fig. 336 shows the number of lbs. of water contained 
in 1000 cu. ft. of saturated air at different temperatures. This is an extremely 
valuable chart for the tanner because with it and a few simple instruments he 
can control the rate of drying of his leather. 



Fig, 336. Pounds of Water in 1000 Cubic Feet of Saturated Air at Different 

Temperatures. 


Relative Humidity 

When air is saturated with water, it cannot absorb any more and is said to 
have a relative humidity of 100 percent. When air is absolutely dry, it contains 
no water and is said to have a relative humidity of 0 percent. When air con- 
tains r percent as much water as an equal volume of saturated air, it is said 
to have a relative humidity of x percent. ' For example, suppose we measured 
the temperature and relative humidity of some air and found it to have a tem- 
perature of 70° F. and a relative humidity of 50 percent. By looking at Table 
46 or Fig. 336, we would find that 1000 cu. ft. of saturated air at 70° F. contains 
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1.15 lbs. of water. We would at once know that 1000 cu. ft. of the air we had 
measured contained 50 percent of 1.15 lbs. or 0.575 lb, of water. 

In Chapter 1, under the heading Glands and the Thermostat Mechanism, it 
was pointed out that a very large amount of heat is required to convert liquid 
water into gaseous water, without changing its temperature. If liquid water is 
brought into contact -with unsaturated air, it will evaporate so long as the air 
above it remains unsaturated, even though no heat is applied to it. However, it 
must have additional heat to evaporate and so it simply takes it from its sur- 
roundings Use is made of this fact in order to determine the relative humidity 
of air. If we wrap a tiny piece of cloth around the bulb of a thermometer, soak 
the cloth with water and place it in a current of air, any evaporation of water from 
the cloth will result in a lowering of the temperature of the wet cloth and of the 
bulb of the thermometer. The temperature reading of the thermometer will then 
be lower than that of the air. The lower the relative humidity of the air, the 
greater will be the rate of evaporation of water from the cloth and the bulb of 


Fig. 337. 

Sling Psychrometer. 


Courtesy Taylor Instrument Cos. 



the thermometer and the lower will be the reading of the thermometer. If the 
cloth is kept wet and air is blown over it, the temperature reading will decrease 
to a low limit and then not decrease any further no matter how long the air is 
blown over it. It has been found that this lowering of the temperature is actually 
an accurate measure of the relative humidity of the air. 

Relative humidity is usually measured by means of a hygrometer consisting 
of two thermometers, one of which has its bulb covered by a wick kept wet with 
water. Hygrometers are of many forms, but all work on the same basic principle. 
Fig. 337 shows the popular sling psychrometer used where one instrument is used 
to measure the relative humidity in different departments. The lower thermometer 
has a silk or cotton wick surrounding the bulb. When ready to make a deter- 
mination, the operator dips the wick in water to wet it and then firmly holding 
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the handle, with the psychrometer dangling* from it at the end of the chain, he 
swings the psychrometer in a circulatory motion, stopping at intervals of about 
one minute to read the wet-bulb thermometer. When this reading reaches its 
lowest point, he records the readings of both wet-bulb and dry-bulb thermometers. 
From these two readings, he finds the relative humidity in the Relative Htimidity 
Tables. 



Fig. 338. 

Mason’s Form 
of Wall Hygrom- 
eter. 


Courtesy Taylor 
Instrument Cos. 


Fig, 338 shows Mason’s form of wall hygrometer. Between the wet-bulb 
and dry-bulb thermometers, there is a reservoir tube filled with water which is 
curved at the bottom, terminating in an open cup. A wick placed over the bulb 
of the wet-bulb thermometer has one end dipping into the cup of water so that 
it is kept wet at all times. A fan is so placed that it blows a continuous current 
of air across the wet bulb. As long as the reservoir is kept filled with water, the 
wick is clean and air is blowing across it, the wet-bulb and dry-bulb temperatures 
can be read at any time without waiting. 



Fig. 339. 

Mason’s Form 
of Humidiguide. 


Courtesy Taylor 
Instrument Cos. 


Fig. 339 shows Mason’s form of humidiguide. This is similar to the wall hygrom- 
eter, but it has a rotating cylinder between the two thermometers from which 
the relative humidity can be read from the readings of the wet-blub and dry-bulb 
thermometer without referring to the Relative Humidity Tables. 
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Fig. 340 shows a Taylor hygrometer for continuous recording of the wet- 
bulb and dry-bulb temperatures. With one of these placed at both the inlet and 
outlet ends of the drying tunnel, an operator can readily make adjustments of 
temperature and air flow to increase the efficiency of the drying. Equipment is 
also available for automatically controlling relative humidity. 

When the wet-bulb and dry-bulb temperatures are both known, the relative 
humidity can be found in the Relative Humidity Tables given in Table 47, which 
are taken with permission from the Relative Humidity Tables prepared by Taylor 
Instrument Companies, Rochester, New York. 

In submitting the data given in Table 47, the Taylor Instrument Companies 
issued the following foreword: '‘These tables are computed from data supplied by 
the Bureau of Standards and are correct at a barometric pressure of 29.92, At 
lower barometric pressures, the tables are slightly in error. At 25.00 inches 
barometric pressure at normal air temperature, the error is minus 1 percent at 90 



Fig. 340. Wet-and-Dry-Bulb Recording Hygrometer. 

percent relative humidity and minus 5 percent at 20 percent relative humidity. 
This error diminishes slightly with rise and increases slightly with fall in air tem- 
peratures. It is cautioned that values above 140° dry bulb are extrapolated. Should 
complete tables covering barometric pressure be desired, apply to the superintendent 
of documents, Government Printing Office, Washington, D. C. for psychrometric 
tables WB-235.” It is also pointed out that the values in the tables are for air 
velocity of not less than 600 ft. per minute. Care should be taken to keep the wick 
on the wet-bulb thermometer clean. It should not be handled unless the fingers 
are perfectly clean. Distilled water should be used. If the wick becomes hard 
(which can easily be detected by feeling it), it should be discarded and replaced 
by a new one. 

How to Use the Tables 

In order to get the value for percent relative humidity of the air, it is necessary 
to have both the wet-bulb temperature and the dry-bulb temperature. Increasing 

(Text cont’d on page 539) 
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Table 47. Relative Humidity of Air as a Function of Wet-bulb and Dry-bulb 


Temperatures. 


Dry- 

1 1 1 Vv 


















UUID 

Temp. 

(°F) 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

40 

7 

15 

22 

29 

37 

45 

52 

60 

68 

75 

83 

92 

100 











41 

3 

10 

17 

24 

31 

39 

46 

54 

61 

69 

76 

84 

92 

100 










42 


5 

12 

19 

26 

33 

40 

47 

55 

62 

69 

77 

85 

92 

100 









43 



8 

14 

21 

28 

35 

42 

48 

55 

63 

70 

77 

85 

92 

100 








44 



4 

10 

16 

23 

30 

36 

43 

49 

56 

63 

71 

78 

85 

93 

100 







45 




6 

12 

18 

23 

31 

38 

44 

51 

57 

64 

71 

78 

86 

93 

100 






46 





8 

14 

20 

26 

32 

39 

45 

52 

58 

65 

72 

79 

86 

93 

100 





47 





5 

10 

16 

22 

28 

34 

40 

46 

52 

59 

66 

72 

79 

86 

93 

100 




48 





1 

7 

12 

18 

23 

29 

35 

41 

47 

54 

60 

66 

73 

79 

86 

93 

100 



49 






3 

9 

14 

19 

25 

31 

36 

42 

48 

54 

61 

67 

73 

80 

86 

93 

100 


50 







5 

10 

16 

21 

27 

32 

38 

43 

49 

55 

61 

67 

74 

80 

87 

93 

100 

51 








7 

12 

17 

23 

28 

34 

39 

45 

SO 

56 

62 

68 

75 

81 

87 

94 

52 








4 

9 

14 

19 

24 

29 

35 

40 

46 

51 

57 

63 

69 

75 

81 

87 

53 








1 

6 

10 

16 

20 

26 

31 

36 

41 

47 

52 

58 

63 

69 

75 

81 

54 









3 

8 

12 

17 

22 

27 

32 

37 

42 

48 

S3 

59 

64 

70 

76 

55 










5 

9 

14 

19 

23 

28 

33 

38 

43 

49 

54 

59 

65 

70 

56 










2 

7 

11 

16 

20 

25 

30 

34 

39 

44 

50 

55 

60 

65 

57 











4 

8 

13 

17 

22 

26 

31 

35 

40 

45 

50 

55 

61 

58 











1 

6 

10 

14 

18 

23 

27 

32 

37 

41 

46 

51 

56 

59 












3 

7 

11 

16 

20 

24 

29 

33 

38 

42_ 

47 

52 

60 












1 

5 

9 

13 

17 

21 

26 

30 

34 

39 

43 

48 

61 














7 

10 

14 

18 

22 

27 

31 

35 

40 

44 

62 














4 

8 

12 

16 

20 

24 

28 

32 

36 

41 

63 














2 

6 

10 

13 

17 

21 

25 

29 

33 

37 

64 















4 

7 

11 

15 

18 

22 

26 

30 

34 

65 















2 

5 

9 

12 

16 

20 

24 

27 

31 

66 
















3 

7 

10 

14 

17 

21 

25 

29 

67 
















2 

5 

8 

12 

IS 

19 

22 

26 

68 

















3 

6 

10 

13 

16 

20 

23 

69 

















1 

S 

8 

11 

14 

18 

21 

70 


















3 

6 

9 

12 

IS 

19 

71 


















1 

4 

7 

10 

13 

17 

72 



















3 

6 

9 

12 

15 

73 



















1 

4 

7 

10 

13 

74 




















3 

5 

8 

11 

75 




















1 

4 

7 

9 

76 





















3 

S 

8 

77 





















1 

4 

6 

78 






















3 

5 

79 




















. 

, 

1 

4 

80 












. 









, 


3 
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Table 47. — (Continued) 


Dry- 









Temp. 

(°F.) 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

51 

100 










52 

94 

100 









53 

87 

94 

100 








54 

82 

88 

94 

100 







55 

76 

82 

88 

94 

100 






56 

71 

76 

82 

88 

94 

100 





57 

66 

71 

77 

82 

88 

94 

100 




58 

61 

66 

72 

77 

83 

88 

94 

100 



59 

57 

62 

67 

72 

78 

83 

89 

94 

100 


60 

S3 

58 

63 

68 

73 

78 

83 

89 

94 

100 

61 

49 

54 

58 

63 

68 

73 

78 

84 

89 

94 

62 

45 

50 

54 

59 

64 

69 

74 

79 

84 

89 

63 

42 

46 

50 

55 

60 

64 

69 

74 

79 

84 

64 

38 

43 

47 

51 

56 

60 

65 

70 

74 

79 

65 

35 

39 

44 

48 

52 

56 

61 

66 

70 

75 

66 

32 

36 

40 

44 

48 

53 

57 

61 

66 

71 

67 

30 

33 

37 

41 

45 

49 

53 

58 

62 

66 

68 

25 

31 

34 

38 

42 

46 

50 

54 

58 

62 

69 

24 

28 

32 

35 

39 

43 

47 

51 

55 

59 

70 

22 

25 

29 

33 

36 

40 

44 

48 

51 

55 

71 

20* 

23 

27 

30 

33 

37 

41 

45 

48 

52 

72 

18 

21 

24 

28 

31 

34 

38 

42 

45 

49 

73 

16 

19 

22 

25 

29 

32 

35 

39 

42 

46 

74 

14 

17 

20 

23 

26 

29 

33 

36 

39 

43 

75 

12 

15 

18 

21 

24 

27 

30 

34 

37 

40 

76 

11 

13 

16 

19 

22 

25 

28 

31 

34 

58 

77 

9 

12 

14 

17 

20 

23 

26 

29 

32 

35 

78 

8 

10 

13 

16 

18 

21 

24 

27 

30 

33 

79 

6 

9 

11 

14 

17 

19 

22 

25 

28 

31 

80 

5 

7 

10 

12 

15 

18 

20 

23 

26 

29 

82 

2 

4 

7 

10 

12 

14 

17 

20 

23 

25 

84 


2 

5 

7 

10 

12 

14 

16 

19 

21 

86 



3 

5 

7 

9 

12 

14 

16 

18 

88 



1 

3 

5 

7 

9 

11 

13 

IS 

90 




1 

3 

5 

7 

9 

11 

13 

92 





1 

3 

5 

7 

9 

11 

94 






1 

3 

5 

7 

9 

96 







1 

3 

5 

7 

98 








1 

3 

5 

100 









1 

3 

102 










1 

104 











106 











108 











no 











112 











114 











116 











118 











120 










. 


Temperature (°F.) ^ 

61 62 63 64 65 66 67 68 69 70 71 72 


100 

94 100 
89 95 100 


84 

90 

95 

100 









80 

85 

90 

95 

100 








75 

80 

85 

90 

95 

100 







71 

75 

80 

85 

90 

95 

100 






67 

71 

76 

80 

85 

90 

95 

100 





63 

67 

72 

76 

81 

85 

90 

95 

100 




59 

64 

68 

72 

77 

81 

86 

90 

95 

100 



56 

60 

64 

68 

72 

77 

81 

86 

90 

95 

100 


S3 

57 

61 

65 

69 

73 

77 

82 

86 

91 

95 

100 

50 

53 

57 

61 

65 

69 

73 

78 

82 

86 

91 

95 

47 

50 

54 

58 

61 

65 

69 

74 

78 

82 

86 

91 

44 

47 

51 

54 

58 

62 

66 

70 

74 

78 

82 

86 

41 

44 

48 

51 

55 

59 

62 

66 

70 

74 

78 

82 

39 

42 

45 

48 

52 

56 

59 

63 

67 

71 

74 

79 

36 

39 

43 

46 

49 

53 

56 

60 

63 

67 

71 

75 

34 

37 

40 

43 

46 

50 

53 

57 

60 

64 

68 

71 

32 

35 

38 

41 

44 

47 

50 

54 

57 

61 

64 

68 

28 

30 

33 

36 

39 

42 

45 

48 

52 

55 

59 

61 

24 

26 

29 

32 

35 

37 

40 

43 

46 

49 

52 

56 

21 

23 

26 

28 

31 

33 

36 

39 

42 

44 

47 

50 

18 

20 

23 

25 

28 

30 

33 

35 

38 

40 

43 

46 

15 

17 

20 

22 

24 

26 

29 

31 

34 

36 

38 

41 

13 

15 

18 

19 

21 

23 

26 

28 

30 

32 

34 

37 

11 

12 

14 

16 

18 

20 

22 

24 

27 

29 

31 

33 

9 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

7 

8 

10 

12 

14 

15 

17 

19 

21 

23 

25 

27 

5 

7 

8 

10 

11 

13 

IS 

17 

19 

21 

23 

24 

3 

5 

7 

8 

9 

11 

13 

IS 

17 

18 

20 

22 

1 

3 

5 

7 

8 

10 

12 

13 

15 

16 

18 

20 


1 

3 

5 

7 

8 

10 

11 

13 

14 

15 

17 



1 

3 

5 

7 

9 

10 

11 

12 

14 

16 




1 

3 

5 

7 

8 

9 

11 

12 

14 




. 

1 

3 

S 

7 

8 

9 

10 

12 




. 

. 

1 

3 

6 

7 

8 

9 

11 







1 

3 

5 

6 

7 

9 








1 

3 

5 

6 

8 
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Table 47, — {Continued) 


Dry- 

bulb r Wet-bulb Temperature (“F.) 

Temp. 


(°F.) 

74 

76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 

lOO 

102 

104 

106 

108 

74 

100 


















76 

91 

100 

















78 

83 

91 

100 
















80 

75 

83 

91 

100 















82 

69 

76 

84 

92 

100 














84 

62 

69 

76 

84 

92 

100 













86 

57 

63 

70 

77 

84 

92 

100 












88 

51 

57 

64 

70 

77 

85 

92 

100 











90 

47 

52 

58 

65 

71 

78 

85 

92 

100 










92 

42 

48 

53 

59 

65 

72 

78 

85 

92 

100 









94 

38 

43 

49 

54 

60 

66 

72 

79 

cS5 

93 

100 








96 

35 

39 

44 

SO 

55 

61 

66 

73 

79 

86 

93 

100 







98 

32 

36 

40 

45 

50 

55 

61 

67 

73 

79 

86 

93 

IGO 






100 

28 

33 

37 

41 

46 

51 

56 

62 

68 

73 

80 

86 

93 

100 





102 

26 

30 

34 

38 

42 

47 

52 

57 

62 

68 

74 

80 

86 

93 

100 




104 

23 

27 

31 

35 

39 

43 

48 

S3 

58 

63 

69 

74 

80 

87 

93 

100 



106 

21 

24 

28 

32 

36 

40 

44 

49 

53 

58 

64 

69 

75 

81 

87 

93 

100 


108 

19 

22 

25 

29 

33 

37 

41 

45 

49 

54 

59 

64 

70 

75 

81 

87 

93 

100 

no 

17 

20 

23 

26 

30 

34 

38 

42 

46 

50 

55 

60 

65 

70 

75 

81 

87 

93 

112 

15 

18 

21 

24 

27 

31 

35 

38 

42 

47 

51 

55 

60 

65 

70 

76 

81 

87 

114 

13 

16 

19 

22 

25 

28 

32 

35 

39 

43 

47 

52 

56 

61 

66 

71 

76 

82 

116 

12 

14 

17 

20 

23 

26 

29 

33 

36 

40 

44 

48 

52 

57 

61 

66 

71 

76 

118 

11 

13 

16 

18 

21 

24 

27 

30 

34 

37 

41 

45 

49 

53 

57 

62 

67 

72 

120 

9 

12 

14 

17 

19 

22 

25 

28 

31 

34 

38 

41 

45 

49 

53 

58 

62 

67 

122 

8 

10 

13 

15 

18 

20 

23 

26 

29 

32 

35 

39 

42 

46 

SO 

54 

58 

63 

124 


9 

11 

14 

16 

18 

21 

24 

27 

30 

33 

36 

39 

43 

47 

50 

54 

59 

126 


8 

10 

12 

15 

17 

19 

22 

25 

27 

30 

33 

37 

40 

44 

47 

51 

55 

128 



9 

11 

13 

16 

18 

20 

23 

25 

28 

31 

34 

37 

41 

44 

48 

52 

130 




10 

12 

14 

16 

19 

21 

24 

26 

29 

32 

35 

38 

41 

45 

48 

132 





11 

13 

15 

17 

20 

21 

24 

26 

30 

33 

36 

39 

42 

45 

134 






12 

14 

16 

18 

20 

22 

25 

27 

30 

33 

36 

39 

43 

136 







13 

15 

17 

19 

21 

23 

26 

28 

31 

34 

37 

40 

138 








14 

15 

17 

20 

22 

24 

27 

29 

32 

34 

37 

140 









14 

16 

18 

21 

23 

25 

27 

30 

32 

35 

142 










15 

18 

20 

22 

24 

26 

28 

31 

33 

144 











16 

19 

21 

23 

25 

27 

29 

31 

146 












16 

19 

21 

23 

25 

27 

29 

148 













17 

20 

22 

24 

26 

28 

150 














18 

21 

23 

25 

27 

152 















18 

21 

23 

25 

154 
















19 

22 

24 

156 

















19 

22 

158 


















20 
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Table 47. — (Continued) 

Dry- 

bulb r- — -Wet-bulb Temperature (“F.) ^ 

Temp. 

(°F.) 110 112 114 116 118 120 122 124 126 128 130 132 134 136 138 140 142 144 

110 100 
112 94 100 

114 88 94 100 

116 82 88 94 100 

118 77 82 88 94 100 

120 72 77 82 88 94 100 

122 67 72 77 83 88 94 100 

124 63 68 73 78 83 88 94 100 

126 59 64 68 73 78 83 88 94 100 

128 56 60 64 68 73 78 83 89 94 100 

130 52 56 60 64 69 73 78 83 89 94 100 

132 49 53 56 61 65 69 74 79 84 89 94 100 

134 46 49 53 57 61 65 69 74 79 84 89 94 100 

136 43 46 50 54 57 61 65 70 74 79 84 89 94 100 

138 40 44 47 50 54 58 62 66 70 75 79 84 89 94 100 

140 38 41 44 47 51 54 58 62 66 70 75 79 84 89 95 100 

142 36 39 42 45 48 52 55 59 63 67 71 75 80 84 90 95 100 

144 34 36 39 42 45 48 52 55 59 63 67 71 75 80 84 90 95 lOU 

146 32 34 37 40 43 46 49 53 55 59 63 67 71 76 80 85 90 95 

148 30 32 35 37 40 43 46 49 53 56 60 64 68 71 76 SO 85 90 

150 28 30 33 35 38 41 43 46 49 53 56 60 64 68 71 76 80 85 

152 27 29 31 34 36 38 41 44 47 50 54 57 60 64 68 72 76 81 

154 26 28 30 32 34 36 39 42 44 47 50 54 57 61 65 69 72 76 

156 24 26 28 30 32 35 37 39 42 45 47 50 54 57 61 65 69 72 

158 23 25 27 29 31 33 35 38 40 43 45 48 51 55 57 61 65 69 


160 . 23 25 27 29 31 33 35 38 40 43 46 48 51 55 58 62 65 

162 . 22 24 26 28 30 32 34 36 39 41 44 47 49 51 55 58 62 

164 . . 22 24 27 29 31 32 34 37 39 41 44 47 49 52 56 58 

166 ... 23 25 27 29 31 33 35 37 40 42 45 48 50 53 56 

168 .... 23 25 27 29 31 33 35 38 ^ 40 42 45 48 50 53 

170 . . . . 23 25 27 29 31 33 35 38 40 42 45 48 50 

172 24 26 28 30 32 34 36 39 41 43 46 49 

174 24 26 28 30 32 34 36 39 41 43 46 

176 25 27 29 31 33 35 37 40 42 44 

178 25 27 29 31 33 35 37 40 42 

180 26 28 30 31 33 35 37 40 

182 • . . ... 26 28 30 32 34 36 38 

184 26 28 30 32 34 36 

186 27 28 30 32 34 

188 27 29 31 33 

190 28 30 32 

192 28 30 

194 29 
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Table 47— (.Continued) 


Dry- 

bulb 

Temp.(°F) 







Wet- 

bulb 

Temp 

eratt 

ire r 

Po- 






s 

146 

148 

150 

152 

154 

156 

158 

160 

162 

164 

166 

les 

170 

172 

174 

176 

178 

180 

146 

100 


















148 

95 

100 

















150 

90 

95 

100 
















152 

85 

90 

95 

100 















154 

81 

85 

90 

95 

100 














156 

77 

81 

85 

90 

95 

100 













158 

72 

77 

81 

85 

90 

95 

100 












160 

69 

73 

77 

81 

85 

90 

95 

100 











162 

66 

70 

73 

77 

82 

86 

91 

95 

100 










164 

62 

66 

70 

73 

78 

82 

86 

91 

95 

100 







/ 


166 

59 

63 

66 

70 

74 

78 

82 

86 

91 

96 

100 








168 

57 

59 

63 

67 

70 

74 

78 

82 

, 86 

91 

96 

100 







170 

53 

57 

60 

63 

67 

70 

74 

78 

82 

86 

91 

96 

100 






172 

51 

54 

58 

60 

63 

67 

71 

74 

79 

83 

87 

92 

96 

100 





174 

49 

51 

54 

58 

61 

64 

67 

71 

74 

79 

83 

87 

92 

96 

100 




176 

47 

SO 

52 

55 

58 

61 

64 

68 

71 

75 

79 

83 

87 

92 

96 

lUU 



178 

44 

47 

50 

52 

55 

58 

61 

64 

68 

72 

75 

79 

83 

87 

92 

96 

100 


180 

42 

44 

47 

50 

52 

55 

58 

61 

64 

68 

72 

75 

79 

83 

87 

92 

96 

100 

182 

41 

43 

45 

48 

50 

S3 

56 

59 

62 

65 

69 

72 

76 

79 

S3 

87 

92 

96 

184 

38 

41 

43 

45 

48 

50 

53 

56 

59 

62 

65 

69 

72 

76 

79 

83 

87 

92 

186 

37 

39 

42 

44 

46 

48 

51 

54 

57 

60 

63 

66 

69 

73 

76 

80 

83 

87 

188 

35 

37 

39 

42 

44 

46 

48 

51 

54 

57 

60 

63 

66 

69 

73 

76 

80 

83 

190 

33 

35 

37 

39 

42 

44 

46 

49 

51 

54 

57 

60 

63 

66 

69 

73 

76 

80 

192 

32 

34 

36 

38 

40 

42 

44 

47 

49 

52 

■55 

58 

61 

63 

67 

70 

73 

76 

194 

31 

33 

34 

36 

38 

40 

42 

45 

47 

50 

52 

55 

58 

61 

63 

67 

70 

73 

196 

29 

31 

33 

35 

37 

39 

40 

43 

45 

47 

50 

S3 

55 

58 

61 

64 

67 

70 

198 


30 

32 

34 

35 

37 

39 

41 

43 

45 

48 

50 

53 

55 

58 

61 

64 

67 

200 



30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

51 

53 

56 

59 

62 

65 

202 




30 

32 

34 

36 

38 

40 

42 

45 

47 

49 

52 

54 

57 

60 

63 

204 





30 

32 

34 

36 

38 

40 

42 

45 

47 

49 

52 

55 

58 

60 

206 





29 

31 

33 

35 

37 

39 

41 

43 

45 

48 

SO 

53 

55 

58 

208 






30 

32 

33 

35 

37 

39 

42 

44 

46 

48 

SO 

53 

55 

210 







30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

SO 

S3 

212 







. 

31 

33 

34 

36 

38 

40 

42 

44 

46 

48 

51 
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Table 47. — ^Concluded) 


Dry- r 
bulb 





Wet-bulb Temperature (®F.) - 




Temp.(“F.) 

182 

184 

186 

188 

190 

192 

194 

196 

198 

200 

202 

204 

206 208 210 2i: 

182 

100 













184 

96 

100 












186 

92 

96 

100 











188 

87 

92 

96 

100 










1^0 

83 

87 

92 

96 

100 









192 

80 

84 

88 

92 

96 

100 








194 

76 

80 

84 

88 

92 

96 

100 







196 

74 

77 

80 

84 

88 

92 

96 

100 






198 

70 

74 

77 

80 

84 

88 

92 

96 

100 





200 

68 

72 

75 

78 

80 

84 

88 

92 

96 

100 




202 

66 

69 

72 

75 

78 

81 

85 

89 

92 

96 

100 



204 

63 

66 

69 

72 

75 

78 

81 

86 

89 

92 

96 

100 


206 

60 

63 

66 

70 

73 

76 

79 

82 

86 

90 

93 

96 

100 

208 

58 

61 

64 

67 

70 

73 

76 

79 

82 

86 

90 

93 

96 100 

210 

56 

58 

61 

64 

67 

70 

73 

76 

79 

82 

86 

90 

93 96 100 

212 

54 

56 

58 

61 

64 

67 

70 

73 

77 

79 

83 

86 

90 93 96 100 

values of 

wet-bulb 

temperatures are to 

be found running across 

the top of the 


tables on all 6 pages. First locate the wet-bulb temperature and then follow down 
the column which it heads until it intersects the column headed at the left by the 
dry-bulb temperature. The figure at the intersection of the columns is the percent 
relative humidity of the air. For example, suppose the wet-bulb temperature was 
found to be 98® F., when the dry-bulb temperature was 102® F. We find the wet- 
bulb temperature of 98® F. heading the 13th column of the third page of tables. 
Then at the left of the page we find the dry-bulb temperature of 102® F. heading 
the 15th column reading from left to right. Where the 2 columns intersect, we find 
the number 86, indicating that the air has a relative humidity of 86 percent. 

The wet-bulb temperatures appear at intervals of 1° from 28® to 72° and at 
intervals of 2® from 72® to 212®. The dry-bulb temperatures appear at intervals 
of 1® from 40° to 80° and at intervals of 2° fi'om 80® to 212®. This was done 
simply to conserve space in the tables. At the higher temperatures, where a tem- 
perature reading is an odd number, simply take the average of values for the next 
preceding and succeeding even numbers. 

The Anemometer 

An anemometer is a delicate instrument used to measure wind velocities and 
one is shown in Fig. 341. The construction principle embodies a windmill whose 
motion is communicated by suitable gearing to series of pointers moving over 
graduated dials. When it is placed in a current of air, the delicate windmill set in 
jewelled bearings spins, and the dials indicate the number of linear feet of air 
passing through the anemometer. The number of linear feet of air passing through 
in one minute gives the velocity of the air in linear feet per minute. If all the 
air entering or leaving a drying tunnel is forced to travel through a pipe having 
a cross-section area of 1 square foot, and the anemometer is set in this pipe, it will 
register in any given length of time the number of cubic feet of air that has passed 
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through the tunnel in that length of time. For a cross-section area of any other 
size, it is merely necessary to multiply the reading by the number of square feet of 
cross-section to get the number of cubic feet of air that has passed through the 
tunnel. 



An Innovation in Preparing Leather for Staking 

After fatliquoring and coloring chrome-tanned leather, it is customary to dry 
it out and then to dampen it back to a water content of about 34 percent for staking. 
Both the initial drying and the redampening must be done with reasonable pre- 
cision, or else the properties of the leather may be greatly impaired. For the 
best results, this requires control of two separate operations, drying and rcdainpen- 
ing. In the initial drying, the fibers become glued together and then the cohesions 
are broken by redampening and staking. 

It appeared possible to the writer to carry the initial drying of the leather 
only to the point where it contains 34 percent of water and then to stake it, thereby 
eliminating the initial complete drying operation and the redampening operation. 
This involved two serious problems : first determining the point in the initial drying 
where the water content of the leather was reduced to just 34 percent and then 
conducting this partial drying so that the 34 percent of water was uniformly dis- 
tributed throughout the leather. The thinner parts of leather present more surface 
area per pound of leather and thus lose more water per unit of drying time than the 
thicker parts; thus, when an average water content of 34 percent is reached, the 
water in the leather is not uniformly distributed. The thicker parts contain more 
water than the thinner parts. 

The writer succeeded in accomplishing the desired results in an experimental 
way and proved that the principle is sound and that an improved quality of leather 
results from its use. He built a miniature drying tunnel of galvanized iron 10 
ft. long by 5 ft. wide by 5 ft. high. At each end was soldered a truncated pyramid 
of galvanized iron terminating in a 2-ft. length of galvanized pipe 1 ft. square. 
An air-tight door was placed in the side of the tunnel to permit workmen to enter 
to hang up leather and take it out. The terminal pipes were also equipped with 
air-tight doors, which could be closed at will. Attached to one end was a unit 
heater and blower. In the pipe at each end was placed a wet -and- dry-bulb hygrom- 
eter and an anemometer, which could be read through a window in the pipe. 
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The inside of the tunnel contained racks for hanging 12 sides of 20 sq. ft. each. It 
had been demonstrated that the average water content of the stock used in these 
tests was 64 percent when first hung to dry. This means that 100 lbs. of wet 
leather contained 36 lbs. of dry leather and 64 lbs. of water. In order to have a 
water content of 34 percent, 36 lbs. of dry leather would require 18.55 lbs. of water, 
making a total of 54.55 lbs. of leather of 34 percent water content. In order to bring 
100 lbs. of the wet leather to leather of 34 percent water, it is necessary to remove 
from it 45.45 lbs. of water. Now all that is necessary to reduce the water content of 
the leather in the tunnel to an average of 34 percent is to drive off 45.45 lbs. of 
water for each 100 lbs. of wet leather hung in the tunnel. 

When ever34:hing is ready to start drying a pack of leather, the unit heater 
and blower is turned on and simultaneously both anemometers are started for 
recording. At short intervals, the wet-bulb and dry-bulb temperatures are read at 
both ends of the tunnel and recorded. From each pair of readings, the relative 
humidity is found from Table 47. From the dry-bulb temperature, the weight of 
water in 1000 cu. ft. of saturated air is found in Fig. 336. This value is multiplied by 
0.01 times the percent relative humidity to get the lbs. of water per 1000 cu. ft. of air 
at the point where the reading was made. This value is multiplied by the ane- 
mometer reading in 1000 cu. ft. for the interval of reading to get the number of 
lbs. of water passing the instruments in that interval. For each interval, the number 
of lbs. of water passing the instruments at the inlet end is subtracted from the 
number of lbs. of water passing the instruments at the outlet end to get the 
number of lbs. of water that has been driven from the leather. When the number 
of lbs. of water driven from the leather equals 45.45 lbs. per 100 lbs. of wet 
leather originally hung in the tunnel, the unit heater and blower is shut off and 
the air-tight doors at both ends are shut. At this point, the average water content 
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of the leather in the tunnel is 34 percent, but it is not evenly distributed. Inside the 
tunnel there are unit heaters and blowers which are now turned on to set up 
violent currents of heated air. Since water can no longer enter or leave the tunnel, 
the portions of leather that were dryer take up water while those that were wetter 
give up water until all the leather reaches equilibrium with the air confined in 
the tunnel. The higher the temperature inside the tunnel and the more violent 
the circulation of the air over the leather, the more quickly is equilibrium estab- 
lished. Finally the leather contains its 34 percent of water uniformly distributed, 
and is ready for staking and tacking to dry. It requires very few hours to dry 
leather in this way and it permits an excellent control over the properties of the 
leather. 



Fig. 343. Vertical Section of Chrome-tanned Calf Leather Hung to Dry, Dampened, 
Staked and Then Tacked to Dry. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 125 diameters. 

In some tanneries, the improper drying of leather and conditioning for staking 
have caused more damage to leather than all other faults in the tannery combined. 
An experimental drying unit of this kind is inexpensive, and with it a tanner can 
obtain so much valuable information regarding his own drying problems that the 
writer recommends the installation of one to every tanner. 
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Fig. 344. Vertical Section of Chrome-tanned Calf Leather Pasted to Dry Without 
Temperature and Humidity Control. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 125 diameters. 


Pasting 

Some tanners take their chrome-tanned leathers after fatliquoring, coloring and 
setting out and paste them onto frames of metal, porcelain, plate glass or other 
materials to dry. They coat the grain surface with a paste made from dextrine 
or other suitable material and place the leather grain side down onto the smooth 
surface of the plate or frame. They then proceed to set the leather out by hand 
so that the grain surface adheres to the plate, and in this condition the leather is 
dried. One result is a leather of remarkable smoothness of grain surface. The 
leather adheres to the plate so tenaciously that it allows little or no shrinkage to 
take place during drying. After drying, the leather can be peeled from the plate 
as shown in Fig. 342. 

One reason for abandoning the old method of tacking wet leather to dry was 
that the tension caused the fibers to rupture during drying. This made the 
leather loose' and pipey. Essentially the same conditions exist when leather is 



544 


MODERN PRACTICE IN LEATHER MANUFACTURE 


pasted. Soon after the advent of the pasting process, the writer made a number 
of comparative tests and found that pasted leathers* were as badly broken up during 
drying as leathers tacked out to dry from the wet state. Fig. 343 shows a cross- 
section of finished calf leather that was hung to dry, dampened back and staked, 
and then tacked to dry. Fig. 344 shows a cross-section of a comparative skin that 
was pasted from the wet state and dried. The effect of drying under tension is 
clearly revealed by the numerous ruptured fibers. In this comparison, it seems 
probable that the ruptures were caused by the cohesions of the fibers during the 
drying before the forces tending to cause shrinkage became very great. Then, 



Fig. 345. Vertical Section of Chrome-tanned Calf Leather Pasted to Dry Under 
Specially Controlled Conditions of Temperature and Humidity. 


Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 350 diameters. 

since the fibers could no longer slide over one another, they were ruptured one by 
one as the forces tending to cause shrinkage increased. No such ruptures take 
place when leather is tacked out to dry after dampening and staking. 

Modern control of temperature, relative humidity and rates of air flow through 
the drying tunnels has apparently eliminated the looseness of structure that used 
to be associated with pasted leathers. By drying at higher temperatures with high 
relative humidities of the air, apparently the forces tending to cause shrinkage 
can be brought into play before the forces of cohesion glue the fibers together. 
Since the fibers can still slide over one another, when the great forces of shrinkage 



Courtesy Pr/?Ctor & Schwarts, Inc. 

Fig. 347. Same as Fig. 346, but Looking along Side Toward Pasting Frames in Rear. 
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become active, they are relieved by the fibers sliding; out in horizontal directions. 
Fig". 345 shows a cross-section of finished calf leather that was dried while pasted to 
a plate under controlled conditions of humidity and temperature. The fibers are 
not broken up at all. The finished leather was very smooth and tight and a great 
gain in area was obtained, but at the expense of the thickness of the leather. 

The same conditions would, of course, also obtain with wet leather tacked or 
toggled to dry, but the pasting method has the advantage of making the grain sur- 
face very smooth. 

In some tanneries, when the leather is taken from the plates, a small amount 
of water is used to remove the paste from the leather, and the stock is piled over 
night to sammy, or condition. It is then staked and sent to be finished. 



Courtesy Proctor & Schwarts, Inc, 


Fig. 348. Same as Fig. 346, but Looking at Pasting Table in Rear and Frames Slid 
Out of Drying Units to Show Pasted Sides on Glass Plates. 

Drying Equipment 

Most manufacturers of drying equipment have a special free consulting service 
for tanners to consider individual problems. Much of the general equipment has 
already been described, and it will probably suffice here to give a manufacturer’s 
description of an individual installation. The following was furnished by Proctor 
& Schwartz, Inc. Figs. 346, 347, 348 and 349 illustrate 3 Proctor Impinge Aire 
Pasting Dryer Units. Each unit contains 9 glass pasting frames, STl" by IPS", 
used for drying wet cow sides and kip sides. The cow sides have an average wet 
weight of 71 lbs, and an average air-dry weight of 3i lbs., leaving 4 lbs. of water 
to be evaporated per side. The kip sides have an average wet weight of Al lbs. and 
an average air-dry weight of 2 lbs., leaving 2 lbs. of water to be evaporated per 
side. 

Each 9-frame-unit has a capacity of 18 cow sides, 2 per frame, or 1 on each 
side of each glass plate, or 36 kip sides, 4 per frame, or 2 on each side of each 
glass plate. The. drying time is 3 hours with a dry-bulb temperature of 120° F. and 
a wet-bulb temperature of 98° F., using 3-lbs. exhaust steam. The hourly con- 



Courtesy Special Equipment Co, 

Fig. 350. Interior of Modern Leather-drying' Ttuinel. ; 
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sumption of steam is 123 lbs. and the hourly evaporation of water is 24 lbs. for cow 
sides and 30 lbs. for kip sides. The capacity of each unit per hour is 6 cow sides or 
12 kip sides. 

Each unit is provided with a wet-and-dry-bulb, air operated, recording tempera- 
ture control. The equipment is furnished with air compressor, tank and l-H.P. 
motor and with 2 36''-diameter special fans for circulating air. These fans are 
mounted on the shaft extensions of 2 5-H.P., 1740-r. p. m. motors. Each unit is 
provided with 1 18"-diameter special exhaust fan mounted on the shaft extension of 
at l-H.P., 1740-r. p. m. motor. 

The low temperatures and rapid drying are accomplished by a very unique 
system of impinge air flues between two adjacent frames. Static pressure of the 
air is obtained in these flues through the medium of a special type fan. These 
flues are perforated, thereby admitting air at right angles to the surface of the 
material being dried. This method of drying gives an even tension to the entire 
surface of the leather, as all the air striking the material is of the same temperature 
and moisture content. 

This type of drying unit is used also for stock toggled after staking, as shown 
earlier in the chapter. 

Fig. 350 shows another type of drying unit in which the frames are suspended 
from endless-chain belts, and move from one end of the tunnel to the other. In 
the distance can be seen a frame with the leather pasted on the plate. The posi- 
tions of the air ducts in the floor and on the side walls allow vigorous circulatory 
motion of the air between and around the leather on the frames. 

Fig. 351 shows the outside of a drying tunnel in a large calf tannery with 
the operator observing the temperature and relative humidity on a recording 



Courtesy The Ohio Leather Co. 


Fig. 351. Outside of Drying Tunnel in Large Chrome-calf Tannery. 
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Courtesy The Ohio Leather Co. 


Fig. 352. Skilled Operators Buffing the Grain Surface of Chrome-tanned Calfskins. 

hygrometer. In some systems operating at high temperatures, relative humidities 
are maintained at optimum values at different points in the tunnel by injecting 
steam into the air during the drying operation. 

Although great advances have been made in our knowledge of the drying of 
leather, resulting in improved quality of leather and lowered costs of drying, the 
writer believes that very much greater advances still remain to be made. 

Buffing 

From the descriptions of hide damage given in Chapter 5 and the frequency of 
occurrence of grain damage, a layman might well wonder how it is possible to make 
so much leather with a grain surface of pleasing appearance. A very large amount 
of leather is greatly improved in appearance by buffing the grain surface before 
finishing. Buffing consists essentially of sandpapering the grain surface. By 
referring back to Fig. 8 of Chapter 1 (p. 31) the fibril structure of the grain 
surface of a tanned calfskin can be seen. In sandpapering the grain surface of 
leather, the sharp edges of Carborundum, or other abrasive material, cut these 
microscopic fibrils and produce on the surface a very fine nap. Many grain defects 
that are displeasing to the eye do not penetrate into the leather nearly to the depth 
of the grain layer, and such defects can be entirely removed by buffing. If the 
grain surface is buffed only lightly, the grain pattern is not destroyed, and the 
finishing operations, in which plastic materials^ are used to coat the leather, leave 
the leather so smooth that only an expert can tell the leather has been buffed. 

Only when the leather is buffed to a measurable depth, as it must be when the 
grain damages are great, is the leather, referred to as buffed. When the leather is 
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buffed to a lesser depth, the leather is referred to as snuffed. When the leather 
is buffed so lightly as not to impair the grain pattern, the leather is referred to 
as having a corrected grain. 

Fig. 352 shows a battery of buffing machines with operators buffing the grain 
surfaces of calfskins. In the machine in the foreground, the buffing cylinder can 
be seen touching the surface of a calfskin. Fitting snugly around this cylinder is 
a sheet of Carborundum paper with its ends clamped tightly into a horizontal slot 
in the cylinder. The cylinder revolves at high speed and when a skin is fed into 
the machine, it is forced against the cylinder while moving forward. The grain is 
thus buffed over a long path about 8 inches wide. The skin is then shifted and 
another path is buffed until the entire surface has been buffed; Carborundum papers 
of many, different grain sizes are used to get desired effects. Sometimes a skin is 
buffed first with a coarse-grained paper to cut to the desired depth and then with 
a finer paper to produce a finer effect. 



Courtesy Wohurn Machine Co. 

Fig. 353. Seasoning and Blacking Machine. 

Buffing requires expert work and good judgment on the part of the operator in 
order to get exactly the desired result and to prevent marks from showing where 
different buffing strokes overlap. Usually this is done by a series of overlapping 
strokes in one direction followed by a series of strokes at right angles to the first 
ones. 
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When a tanner has difficulty in determining just how to buff any particular 
kind of leather, he can usually obtain the services of an expert without charge by 
contacting one of the manufacturers of abrasive papers. 

When leathers are buffed deeply enough to disturb the color of the grain sur- 
face, they are usually recolored by hand or by machine before finishing. When done 
by hand, the buffed leather is placed fiat on a table, grain side up, and a solu- 
tion of the dye is swabbed over it to give it the color desired. Fig. 353 shows 
a machine used to do this kind of coloring. It contains a reservoir trough of dye 
solution and a series of feed rolls and brushes for spreading the dye uniformly 
over the surface of the leather. The skins or sides are fed into the machine from 
one side and come out the other. This type of machine is commonly used in making 
black leathers from buffed stock. 



Courtesy The Ohio Leather Co. 


Fig. 354. Buffing SuMe Calfskins on Over-shot Buffing Machines. 

Buck Leathers 

Buck leathers are made from cow sides by buffing the grain surface, coloring 
to the desired shade and then incorporating into the buffed surface very finely 
divided powders of inert pigments of the desired color. This still leaves a nap 
on the surface and a soft velvety feel. 

Suede Leathers 

Suede leathers are made from very small skins, some of the best being made 
from the skins of unborn calves, called slunks. The reason very small skins are 
best is that they are finished on the flesh side with a velvety nap; the smaller 






Courtesy Fulton County Machine & Supply Co., Inc. 

Fig. 355. Fulton County Buffing Machine. 

extreme left of Fig. 354. It is set into a table with only a part of it sticking 
through the table top and presenting the appearance of an automobile tire. This 
type of buffer is generally known as an over-shot buffer. Fig. 354 shows a battery 
of operators buffing the flesh sides of calfskins in the making of suede leathers. 
With the emery wheel running at high speed, the operator draws the skin over it, 
adjusting pressure and location to produce a fine, uniform nap all over the flesh 
side. Some tanners buff the stock on a regular buffing machine with Carborundum 
paper, in which case they tack the leather to dry after staking and then buff the 
leather only when dry. The leather is then wet back thoroughly, washed, dyed and 
dried again. It is then dampened again, staked and buffed again lightly, which is 


the fibers, the finer the nap that can be produced. The skins of unborn or pre- 
maturely born animals have the advantage of very fine fibers and also of much less 
highly developed blood vessels. The buffing is done on the flesh side and the 
leather is not colored until after buffing. 

The stock is dried after fatliquoring without coloring. It is then dampened 
back to a water content of about 34 percent and staked. While still damp, it is 
buffed on the flesh side on an emery wheel, which is better than Carborundum paper 
for wet leathers. One of these emery wheels can be seen in the foreground at the 
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referred to as top buffing. It is then milled in a dry drum to soften it and is 
tacked or toggled to dry. Sometimes the fatliquoring is done together with the 
dyeing after bufi&ng. Great care must be exercised to avoid greasiness of the 
napped surface, and this is why some tanners of white suede leathers use only 1 per- 
cent on shaved weight of Gardinol (du Pont) in place of fatliquor. 

Wetting Agents 

i\fter chrome-tanned leathers have been dried, they wet back with difficulty, 
and so some tanners make use of wetting agents. Many of these agents are avail- 
able commercially, of which we might mention the Duponols and N corner pins of 
the du Pont Co. as typical. Duponol is the registered trademark designating certain 
higher aliphatic alcohol sulfates and their derivatives offered by the du Pont Co. 
Some of the Duponols and Gardinols are identical. Neomerpin-N is a free naphtha- 
lene sulfonic acid that is used where wetting under acid conditions is desired. 



Courtesy Behr-Manning Corp. 

Fig. 356. Lightning Buffing and Shaving Machine. 

Difficulties encountered in wetting back chrome-tanned leathers can frequently be 
eliminated by drumming the stock with a i-percent solution of DiiponoUWA. 
A remarkable series of wetting, emulsifying and dispersing agents has recently 
been introduced by Rohm & Haas Co. under the name of Triton that will interest 
most tanners. Progress is continually being made in the development and uses of 
wetting agents and the various manufacturers are glad to give the tanner all 
results that are available. 

Other Types of Buffing Machines 

When only small skins are to be buffed, special buffing machines are available 
that present a great saving in labor and require less skill in operation. These 





Courtesy L. H. Hamel Leather Co. 

Fig, 357. Finishing Department of Goatskin and Sheepskin Tannery. 

machines use a greater width of Carborundum paper. One type of machine that has 
been used satisfactorily on both suede and buck leathers is shown in Fig. 355. 

Another type of buffing machine much liked by many tanners is the combination 
Lightning Buffing and Shaving Machine shown in Fig. 356, made by Curtin- 
Hebert Co., of Gloversville, and distributed by the Behr-Manning Corp., of Troy, 
New York. 


Courtesy L. H. Hamel Leather Co. 

Fig. 358. Staking and Trimming Department of Goatskin and Sheepskin Tannery. 

Practically all types of buffing machines for buffing dry leather are equipped 
with suction devices for removing the fine leather dust resulting from the buffing 
action. The larger machines for whole skins usually also have cylindrical brushes 
for brushing the leather dust from the skins. 
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Brushing 

With the older type of buffing machine, the leather after buffing is usually heavily 
coated with leather dust which is brushed off either by hand or with a special 
brushing machine with cylindrical brushes housed in an air-tight table. The 
leather is introduced between the revolving brushes through a slot in the table 
and is thus cleaned preparatory to finishing. In Fig. 357 an operator can be seen 
feeding a skin into a brushing machine that has just been buffed on a buffiing 
machine beyond him. This is a scene in the finishing department of a large goat- 
skin and sheepskin tannery. The girl in the right foreground is measuring the 
thickness of skins on a special machine and assorting the stock according to grades. 
The piles of leather at the left consist of unfinished leather, usually referred to 
as leather in the crust. Fig. 358 shows another department in the same tannery 
where goatskins are being staked. In the left background, leather is being trimmed 
to free it from loose ends and ragged edges and make it more presentable. 

References 

1. Lindsay, D. C., Drying and processing of materials by means of conditioned air. Carrier Engi- 

neering Corp., Newark, N. J., 1929. 

2. Heating, ventilating, air-conditioning guide. Vol. 18. American Society of Heating and Ventilat- 

ing Engineers, New York, 1940. 



Chapter 17 

Finishing Light Leathers 

The finishing of light leathers has for its objects making the leather more 
pleasing to the eye and more serviceable in use. Most methods of finishing involve 
coating the exposed surface with plastic materials and then treating the leather 
mechanically in various ways. The plastic materials and combinations of them 
used in finishing leathers are usually referred to as finishes. Back in the days 
when tanning was done on farms, common leather finishes were milk, ox blood, and 
the whites of eggs. By coating the grain surface of leather with milk or with egg 
white, allowing it to dry and then rubbing it, a pleasing luster was obtained. As 
tanneries grew in size, complexity and specialization, many other finishing materials 
were put to use. To casein and albumens were added shellac, waxes and many 
other materials. Later it was found that inert mineral pigments, such as iron 
oxide, could be ground in aqueous solutions of the various finishes and would serve 
to hide minor defects in the surface of the leather. With the great development of 
modern plastics, many new types of finishing materials were made available for 
leather, with somewhat astonishing results. Today there are many factories devoted 
entirely to the manufacture of leather finishes of secret composition, many of which 
produce such valuable effects on the leather that a tanner can well afford to pay 
the premium required to get these finishes prepared for use rather than to rely upon 
the much cheaper finishes that he can readily prepare himself. 

In the modern tannery, all the simpler types of finishing materials are pre- 
pared at the tannery, and the more complex finishing materials, that change with the 
styles and demands for special types of leather, are purchased from finish manu- 
facturers, who perform a great service to the tanner by keeping abreast of the 
styles and of changing demands. Since the finish manufacturer is really in compe- 
tition with the tanner himself, he must keep secret the composition of new finishes- 
that he develops, at least until his profits are sufficient to pay for the cost of 
the development. For this reason, we shall have to refer to some finishes described 
later in this chapter only by their trade names. 

The great majority of finishing materials used on leather are prepared by the 
tanners themselves. These will be described first in connection with the finish- 
ing of the types of leather on which they are used. In describing the preparation of 
each finish, a number or letter or both will be given to each to identify it in sub- 
sequent references to its use. 

Simple Finishes for Chrome-tanned Calf Leathers 

Finish No. 1 (ammonia-casein) : Weigh 100 lbs. of casein into a suitable tank or 
barrel near a live-steam line. Cover the casein with 40 gals, of water at 70° F. and 
let it soak for 1 hour. Then add 114 lbs. of 26° Baume aqua ammonia (29.4 percent 
ammonia) with stirring, and allow to stand 1 hour. Then bubble live steam into 
the mixture until the boiling point is reached. Then put a loose-fitting cover onto 
the tank or barrel and let live steam bubble gently into the mixture for 8 hours, 
which will increase the volume to about 90 gals. Continue to stir while adding 3 lbs. 
of Collatone (Lehn & Fink) dissolved in 4 gals, of water, as a preservative, followed 
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by 4 lbs. of formalin (40 percent formaldehyde), which acts as a hardening agent 
for the casein. After cooling, dilute with water to 100 gals, and strain through 
cheese-cloth. 

Finish No. la (ammonia-casein) : Proceed exactly as for Finish No. 1, but use 
only 5 lbs. of aqua ammonia and do not continue to boil after raising the tempera- 
ture to the boiling point. 

Finish No. 2 (ammonia- shellac) : Weigh 100 lbs. of bleached shellac into a 
suitable tank or barrel near a live-steam line. Add 17 lbs. of 26° Baume aqua 
ammonia in 20 gals, of water and boil mixture with live steam until all the shellac 
has dissolved. Then dilute with water to make a total of 50 gals, and strain off any 
wax present through cheese-cloth. 



Courtesy The Ohio Leather Lo. 


Fig. 359. Stock Room for Crome-tanned Calfskins Awaiting Selection for Finishing. 

Finish No. 2a (borax-shellac) : Dissolve 33i lbs. of borax in 40 gals, of boiling 
water and add 100 lbs. of bleached shellac. Continue to boil until all the shellac is 
dissolved. Dilute to 50 gals, with water and strain through cheese cloth. 

Finish No. 3 (carnauba wax) : Dissolve 6 lbs. of castile soap in 25 gals, of 
boiling water. Melt 30 lbs. of carnauba wax at a temperature of 190° F. and pour 
it, while stirring vigorously, into the boiling soap solution. Continue to boil the 
mixture for 5 minutes, cool and dilute with water to make 50 gals. Add 2k lbs. 
of oil of mirbane as a preservative and mix well. 

Finish No. 3x (colored carnauba wax) : This is made exactly like Finish No. 3 
except for dissolving 12 oz. of wax-soluble dye in the 30 lbs. of molten carnauba 
wax before pouring it into the boiling soap solution. Use the name or color of the 
dye in place of the letter x in designating the finish. 
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Finish No, 4x (pigment finish) : A great variety of colored pigments may be 
used to make this finish, but only one of a popular color will be given to illustrate 
the principle of making it. These pigments are purchased in the form of finely 
ground powders. Mix 140 lbs. of medium chrome yellow, 57 lbs. of Indian red, 
85 lbs. of burnt sienna and 30 lbs. of burnt umber with 120 lbs. of sulfonated castor 
oil and grind in a pigment-grinding mill until a smooth and uniform paste is 
obtained. The mixture may be put through the mill several times, if necessary. 



Courtesy B. D. Eiscndrath Tanning Co. 


Fig. 360. Finishing Chrome-tanned Calfskins by Hand Swabbing. 

Designate each different mixture of pigments by a color number or letter to be used 
in place of the letter x in designating the pigment finish. Different pigments 
require different proportions of sulfonated oil in grinding as indicated in Table 48. 

Finish No. 5 (black chrome-calf finish) : Mix 24 fl. oz. of Finish No. 1, 24 fl. oz. 
of Finish No. 3x (in which .r represents the oil-soluble Nigrosine-B), 20 fl. oz. of 
a 5 percent solution of Nigrosine-J, 20 fl. oz. of a 5 percent solution of Nigrosine-B 
and 50 fl. oz. of a 5 percent solution of logwood crystals. Mix separately 20 fl. oz. 
of a 5 percent solution of Nigrosine-RB, 12 fl. oz. of ox blood, 3.8 fl. oz. of diethyl- 
ene glycol (Carbide & Carbon Chemicals Corp.) and 0.2 fl. oz. of sulfonated linseed 
oil. Mix these two solutions and add 258 fl. oz. of water. Mix well, strain 
through cheese-cloth and the finish is ready for use. The diethylene glycol and 
sulfonated linseed oil act as plasticisers to prevent the finish on the leather from 
becoming too hard and dry. 

Finish No. 6 (bottom finish for colored chrome calf) : To make 1 gallon: To 
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5 oz. o£ Finish No. 4x, add 13 fl. oz. of Finish No. 1 and mix well. Then add \l oz. 
Finish No. 3x (in which x represents wax-soluble yellow), I oz. Finish No. 3x (in 
which X represents wax-soluble red) and 0.05 oz. Finish No. 3x (in which jt repre- 
sents Nigrosine-B). Then add 20 fl. oz. of Finish No. la, 19 fl. oz. of a 1 percent 
solution of phosphine, 5 fl. oz. of a 1 percent solution of safranine and 3 fl. oz. of 
a 1 percent solution of Nigeria black. Then add i fl. oz. of formalin (40 percent 
formaldehyde). Dilute with water to make 1 gal., mix well and strain through 
cheese-cloth for use. 





4 
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Courtesy The Ohio Leather Co. 

Fig. 361. Tunnels for Drying Chrome-tanned Calf Leathers after Finishing. 

Finish No. 7 (second finish for colored chrome calf) : To make 1 gallon: Mix 
11 fl. oz. of Finish No. la, 9 fl. oz. of a 1 percent solution of phosphine, 4i fl. oz. of 
a 1 percent solution of safranine and fl. oz. of a 1 percent solution of Nigeria 
black. Dilute with water to make 1 gal. and mix well. 

Finish No. 8 (top finish for colored chrome calf) : To make 1 gallon: Mix 4 fl. 
oz. of Finish No. 1, 5 fl. oz. of Finish No. 2, 2 fl. oz. of Finish No. 2a with water 
to make 1 gal. 

Finishing Black Chrome-tanned Calf Leather 

This procedure is for full-grain calf leather taken after restaking after final 
drying, as described in Chapter 16. Fig. 359 shows a stock room where dried and 
staked chrome-tanned calfskins are stored awaiting selection for various types of 
finishing. Each skin is laid out flat on a marble-top table, grain side up, as shown 
in Fig. 360, which will be used to illustrate the method of applying this finish. 



560 


MODERN PRACTICE IN LEATHER MANUFACTURE 


Fill a large pan with Finish No. 5. Wet a sponge with the finish and coat the 
grain surface of the leather by a series of strokes across the skin and back from 
belly to belly, overlapping with each stroke, and continuing the succession of 
strokes from head to tail. Following each series of strokes, a second operator on 
other side of the table wipes off any surplus finish witli a plush swab, using the 
same kind of strokes as those used in applying the finish. The second operator 
really smooths out the finish to avoid any streaks showing. After this coat of finish 
has been applied, the skin is dried quickly, but thoroughly, often by passing through 
a drying tunnel. The entrance to one of these tunnels can be seen at the right 
of Fig, 360 with skins hanging from hooks set in cross bars. Fig. 361 shows the 
openings of such drying tunnels. When the leather is thoroughly dry, it is ready 
for glazing. 



Fig. 362. 

Horizontal-bed Glaz- 
ing Jack. 


Courtesy IVobtirii Machine Co. 


Glazing 

A horizontal-bed glazing machine is shown in Fig. 362 and a battery of glazing 
machines in use in a calf tannery is shown in Fig. 363. The glazing machine 
for this type of work usually has a bed sloping downward from the operator. On 
this bed, there is a strip of heavy leather covering the path of movement of the 
glazing jack, which consists of a solid cylinder of glass attached to the end of a 
moving arm. The glass cylinder is so clamped to this arm that it cannot revolve. 
When the machine is running and a skin is laid on the leather strip on the bed of 
the machine, the arm comes forward with the glass cylinder raised. It then forces 
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the cylinder down onto the leather with considerable pressure and pulls backward 
while pressing tightly against the leather, producing great friction along the path of 
the grain surface of the skin backed by the heavy strip of leather below. With 
each stroke of the glazing jack, the operator shifts the position of the skin so that 
it is finally glazed over its entire area. The heat generated by the friction of each 
stroke is so great that it softens the carnauba wax in the finish of the leather so 
as to produce a continuous plastic mass of great luster in the grain surface. 



Courtesy B. D. Eisendrath Tanning Co, 

Fig. 363. Glazing Finished Chrome-tanned Calfskins. 

In glazing skins for the first time, it is very important that it be done with as 
heavy a pressure as is practical. The first glazing operation also brings about 
cohesions of the fibers in the grain surface which it is necessary to break up before 
proceeding with the second application of finish. After glazing, each skin is dry- 
staked lightly to break up these cohesions. The skins are then smooth-plated. 

Plating 

After glazing and staking, the skins are smooth-plated in a specially designed 
press, like that shown in Fig. 364. Each skin is laid, grain side up, onto the bed 
of this press and then the bed is raised against a smooth steel plate heated to 150° F. 
with a pressure of about 300 tons. This tends to make and keep the leather very 
smooth and dense. Both temperature and pressure of the smooth plate can be 
regulated according to needs. Often the leather being plated is of greater area 
than the bed of the press, in which case only a portion of it is fed into the press 
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at a time. The press shown in Fig-. 364 is equipped with an interesting automatic 
safety device. The operator stands on a movable carriage which slides up to the 
press whenever it is open and moves away from the press as it closes so that he 
cannot get his hand caught in it while closing. 

After smooth-plating, the skins are taken back to be finished a second time with 
Finish No. 5. Since they have already been finished and glazed, they do not absorb 
very much of the finish and so dry very quickly. They are not again put through 
the drying tunnel, but merely hung over racks or horses, one at a time until dry. 
Fig. 365 shows a group of operators refinishing calfskins and hanging them over 
special horses to hold only one skin each. 



Courtesy The Ohio Leather Co. 

Fig. 364. Smooth-plating Finished Chrome-tanned Calfskins. 


When dry, each skin is given a third coat of finish and then thoroughly dried in 
the tunnel. Each skin is again glazed, using a lighter pressure than on the first 
glazing, restaked and again smooth-plated, but a lower temperature than before. 
The stock is then completely finished and awaits only the final assortment and 
measuring. 

Finishing Colored, Chrome-tanned Calf Leather 

The finishing of colored leather differs from that of black leather primarily in 
the use of appropriately colored finishes. This leather has already been dyed a shade 
which produces, in conjunction with the finishes and finishing operations employed, 
the color and shade desired on the finished leather. Leather is made in so many 
different colors and shades that it would be quite impractical to list methods of 
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making all of them. In fact, many tanners must work with the creators of styles 
and change their colors from time to time. A method will be described for finishing 
one popular shade of tan in order to illustrate the principles involved, from which 
the tanner can work out various colors, according to his needs. It should be pointed 
out that the glazing operation deepens the color considerably while producing the 
mirror luster. 

Each skin is coated on the grain side with 4 very light coats of Finish No. 6, dry- 
ing after each coat. In Fig. 366 operators can be seen finishing chrome-tanned 
calfskins. Each operator has a drying rack with 12 radial arms. As soon as he 
has finished a skin, he hangs it over one of these arms. After he has coated 12 



Fig. 365. Refinishing Chrome-tanned Calfskins. 

skins, the first one is dry enough to receive the second coat. He continues in this 
way until each of the 12 skins has received 4 coats each, when they are sent to be 
thoroughly dried in the tunnel. The operator then starts finishing a second set of 
12 skins. Some tanners apply all of this first finish as a single coat, but the results 
obtained by applying it in a succession of much thinner coats are much more 
uniform and finer. 

After the skins are thoroughly dry, they are glazed with the highest pressure 
that is practical. Fig. 367 shows another interesting view of a battery of glazers 
at work on chrome-tanned calfskins. After glazing, the skins are dry-staked and 
smooth-plated at high temperature and pressure. 

After smooth-plating, the skins are returned for the second finishing, which con- 
sists in applying a single coat of Finish No. 7, after which the skins are glazed a 
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second time under high pressure, dry-staked and returned for the third finishing, 
which is given by applying a single coat of Finish No. 8. The skins are dried 
again and then glazed under low pressure. They are again dry-staked and smooth- 
plated at lower temperature and pressure than before. They are then trimmed to 
present a neat outer edge, as shown in Fig. 368, and are sent on for final measuring 
and grading. 

In finishing colored chrome-calf leathers, it will be noted that the pigment 
finish was used only in the bottom coat and shellac only in the top coat. The pig- 
ment is used to hide minor defects in the grain surface and it tends to dull the 



Fig. 366. Finishing Chrome-tanned Calfskins with a Succession of Very Thin Coats. 


luster of the finish. Shellac, on the other hand, develops a high luster. Egg 
albumen and blood albumen also develop high lusters and are often used as top 
finishes. Usually materials of this kind that produce high lusters make the finish 
very hard and, if used in too great quantity, the effect of this is what is known as 
a crusty break. 

The Break of Leather 

If the grain surface of a piece of leather is bent so that it is sharply concave, 
it will be noted that it breaks up into tiny wrinkles. If these wrinkles are very fine 
and there are many of them to the linear inch, the leather is said to have a fine break. 
If the wrinkles are large and there are fewer of them per linear inch, the leather is 
said to have a coarse break. To the average person, a fine break on leather is more 
pleasing to the eye than a coarse break; tanners of upper leathers therefore strive 
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to produce the finest break possible in their leathers. In order to get a fine break, 
it is necessary to prevent great cohesion of the fibrils of the grain surface, which is 
one reason that the leather is dry-staked after glazing. When too much shellac 
or albumen is used in a finish, it may become very hard and the break may be 
coarse. An even more serious defect is that the break, once having been formed 
by flexing the leather, remains even after the leather has again been allowed to lie 
flat. Handling leather with this defect, and any undue flexing of it, produces an 
unsightly appearance of the grain surface that is known as a crusty break, or a 
finish break. Some manufacturers of leather finishes have developed shellac mix- 



Courtesy The Ohio Leather Co. 

Fig. 367. Showing a Battery of Glazing Machines Operating on Chrome- tanned Calfskins. 

tures that are so soft and flexible that they do not produce a crusty break even when 
used in large quantity. 

Aniline Leathers and Pigment Leathers 

When leathers are buffed very deeply in order to hide grain defects, it is often 
necessary to use large amounts of pigment in the finish to get uniform appearance. 
The more pigment used, the more binding material, such as casein, must be used 
to prevent the pigment from chalking and flaking off. A heavily buffed leather 
completely covered by pigment is definitely classed as a pigment leather. Some 
skins have grain surfaces so nearly perfect that no pigment at all is needed to 
produce a uniform appearance. Such leathers finished entirely without the use 
of pigments are known as aniline leathers. Sometimes the uniformity of appear- 
ance of a piece of leather is greatly improved by amounts of pigment so small 
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that they do not hide the true grain surface. When improved in this way by 
the use of small amounts of pigment, the leather is still classed as an aniline 
leather and not as a pigment leather. 

Simple Finishes for Vegetable-tanned Calf Leathers 

Vegetable-tanned leathers differ so much in their properties from chrome- 
tanned leathers as to require different types of finishing materials in order to get 
the best results. These finishes will be designated by numbers continuous with 
those described for chrome-tanned leathers. 

Finish No, 9 (flaxseed-gelatin-albumin) : Soak 3-^ lbs. of flaxseed in 4 gals, of 
water at 70° F. over night. Next morning boil the mixture for 10 minutes. Add 
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Fig. 368. Trimming Finished Chome-tanned Calfskins. 

oz. of Collatone in 10 gals, of water at 70° F. as a preservative, and strain 
through a copper sieve. Soak 26 oz. of gelatin in 8 gals, of water at 70° F. over 
night. Next morning heat until the gelatin is completely dissolved and add to the 
flaxseed decoction. Soak 2.8 lbs. of dried egg elbumin in 8 gals, of water at 70° F. 
over night, or until entirely dissolved, and add to the above mixture. Dissolve 
li lbs. of castile soap in 3 gals, of boiling water and then add 15 gals, of water at 
70° P'. and add to the above mixture. Mix well and the finish is ready for use. 

Finish No, 10 (pigment finish) : Add 8 oz, of Finish No. 4x of desired color 
to each gallon of Finish No. 9. Mix well and it is ready for use. 

Finish No, 11 (casein- shellac) : Mix 20 gals, of Finish No. 1 with 2 gals, of 
Finish No. 2. Dilute with water to make 50 gals, and add 4 fl. oz. of Oil of 
Eucalyptus as a pi'eservative. 
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Finish No. 12 (carnauba wax) : Weigh 2\ lbs. of castor oil into a brass con- 
tainer and add, while stirring, 5 oz. of caustic soda dissolved in 9 fl. oz. of water. 
Heat, while stirring, until the mixture becomes a uniform liquid. Heat 27 lbs. of 
carnauba wax to 190® F. and maintain this temperature, while stirring, until the 
w^ax is completely liquid. Stop heating and add the oil mixture to the molten wax 
slowly, while stirring. Continue to stir until the mixture no longer gives off steam. 
Then pour the molten mixture into 15 gals, of boiling water, while stirring vigor- 
ously. Continue stirring while cooling the mixture as rapidly as possible. Filter 
through cheese-cloth and dilute with water to 50 gals. 



Finish No. 13 (colored finish): To make 1 gallon: Mix 40 fl. oz. of Finish 
No. 11 with 40 fi. oz. of Finish No. 12 and add 1 fl. oz. of formalin (40 percent 
formaldehyde) and 8 oz. of Finish No. 4x of desired color. Add water to make 
1 gal. and mix well. 

Finish No. 14 (black finish) : Work 5 lbs. of Nigrosine-JB into a paste with 
very little boiling water and continue to add boiling water until complete solution 
is obtained. Dilute to 10 gals, with cold water and filter. Add 4 gals, of Finish 
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No. 1, 14 gals, of Finish No. 2, 1 gal. of Finish No. 9 and 1 gal. of water containing 

oz. of castile soap, 25 fl. oz. glycerin and 8 fl. oz. of Oil of Mirbane as a preser- 
vative. Mix well. 

Finish No. 15 (vulcanized neatsfoot oil) : This belongs to the type of water- 
proofing materials known in the trade as viscol. The manufacture should be done 
in a well -ventilated hood, because sulfur monochloride must be used and this is a 
fuming liquid that is very irritating to the nose and throat. Mix 50 lbs. of 20° 
cold-test neatsfoot oil with 50 lbs. of naphtha of 0.74 specific gravity. From a 
glass separatory funnel, add very slowly, while stirring, 8 lbs. of sulfur mono- 
chloride (Dow Chemical Co.). As much heat is developed during the addition of 
the sulfur monochloride, it must be added slowly enough so that the temperature is 
never allowed to rise above 200° F. After it has all been added, mix well and 
let stand for a week or more before using. 

Finishing Black Vegetable-tanned Calf Leather 

The stock is taken after drying, as described in Chapter 16, and assorted for type 
of finishing and for colors or blacks. Vegetable- tanned leathers vigorously retain 
any crease marks or dents, but they can readily be rewet and reset before drying 
again. It is very important to inspect every skin very carefully for any defects 
that would require dampening and resetting. Any defective skins are reworked. 

Dried skins that have passed inspection are first brushed. Fig. 369 shows one 
type of brushing machine. A skin is placed on the bed of the machine and the 
revolving brush comes forward and then descends on the skin and brushes the 
grain with a backward stroke. With each stroke of the brush, the position of the 



Courtesy A. F. Gallnn & Sons Corp. 

Fig. 370. Trimming Vegetable-tanned Calfskins before Finishing. 
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skin is shifted by the operator until the entire surface has been brushed. It is cus- 
tomary to rotate the skin during the brushing so that each area has been covered 
by the brush twice. This is referred to as brushing twice around. 

After brushing, each skin is dry-staked. Unlike chrome-tanned calfskins, vege- 
table-tanned calfskins do not have to be staked during the drying: operations nor do 


Courtesy Woburn Machine 

Fig. 371. Rolling Jack for Rolling Vegetable-tanned Calfskins. 
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they have to be dampened for staking after the first complete drying. After staking, 
the skins are trimmed to remove any rough or straggly edges. Sometimes the 
entire outer edge to a depth of i inch is cut away to give it a neat appearance. 
Fig. 370 shows a battery of operators trimming vegetable-tanned calfskins before 
finishing. 

After trimming, clean the grain surface of each skin by wiping it with a solution 
of I fi. oz. of aqua ammonia in 1 gal. of warm water. While still damp, brush 
each skin once around and then smooth-plate under 150 tons pressure at 70° F. 
Then retack on frames and dry again. Then dry-stake and apply the first coat of 
finish. This consists of Finish No. 14. One operator applies the finish with a 
plush swab with a series of overlapping strokes, while an operator on the other side 
of the table works over the applied finish with another swab to smooth it out. 
After finishing, each skin is hung to dry at 90° F. for 20 minutes ; it is then 
brushed twice around and rolled. 

Fig. 371 shows a Woburn rolling jack, which is very much like the glazing jack, 
except for the fact that a revolving steel roll replaces the fixed solid glass roll. 
While the steel roll strikes the grain surface of the skin and rolls over it with con- 
siderable pressure, there is no great friction, as in glazing, and no measurable heat 
is developed. During rolling, the skin is usually rotated so that the entire area is 
covered twice, which is referred to as rolling twice around. 

After ’ rolling, the skins are finished a second time exactly like the first, but 
after the second finishing each skin is hung to dry in the drying tunnel at 90° F. 
for an hour, and is then brushed twice around and rolled twice around. If any 
skin is then not soft and pliable enough, it is dry-staked. Sometimes skins have 
hard areas, although the rest of the skin may be soft enough, in which case, only the 
hard areas are staked. If the skins do not appear to be sufficiently well covered with 
finish, they may be finished a third time in the same manner as the second. After 
any finishing, the skins are always brushed twice around and rolled twice around. 

If the leather is for summer shoes and is not to be waterproofed, it is then 
smooth-plated at 110° F. under 150 tons’ pressure, and is ready for final grading and 
measuring. If the leather is to be made more water-repellant, it is treated with 
Finish No. 15. In a room with good ventilation, the grain surface of each skin is 
swabbed with a solution made by mixing 1 gal. of Finish No. 15 with 9 gals, of 
naphtha of 0.74 specific gravity. This is applied to the otherwise completely 
finished, leather. Where greater degrees of waterproofness are desired, this finish 
may also be applied to the flesh side of the leather in amounts desired. Where 
the leather is made to simulate the original Russian calf tanned with birch bark, 
the flesh side is coated with a mixture of 1 gal. of Finish No. 15, 9 gals, of naphtha 
and 2 fl. oz. of birch oil. For wallet leathers, sometimes Oriental perfumes, such 
as sandalwood oil, civet, musk, etc., are mixed with the birch oil. After this treat- 
ment, the leather is hung to dry for 2 days in a drying room where special pre- 
cautions are taken against the fire hazard of evaporating naphtha. 

Finishing Colored Vegetable -tanned Calf Leathers 

Dried skins that have passed inspection for colors are first brushed twice around, 
dry-staked and trimmed. They are then coated on the grain side with Finish No. 10 
of the desired color, using two operators, one to apply the finish and one to swab 
it out smoothly. After applying this finish, hang to dry for 5 min. and then brush 
twice around and roll twice around. Then hang in the drying tunnel for 1 hour at 
90° F. After two or three skins have been finished in this way, inspect them 
closely for correctness of color. If the color is not exactly as desired, correct it by 
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adding solutions of appropriate dyestuffs to the finish, and then proceed to finish all 
of the skins. 

The second finish can be applied by hand, but it is more conveniently done with a 
spray gun. Spray-finishing equipment has now become well established in the 
finishing of leather. This type of finishing is usually done in booths equipped with 
wire racks for holding the skins, baffle boards and powerful suction ventilation. 
Fig. 372 shows a battery of spray booths where calfskins are finished, using spray 
equipment. Liquid finishes and compressed air are led to a spray gun through 
appropriate flexible hoses. The gun can be adjusted to deliver a variety of types of 
spray. Each skin is placed on the wire rack and the operator sprays Finish No. 13 
over it in a series of overlapping strokes. Having covered the skin with finish, he 



Fig. 372. Spray Equipment Used for Finishing Calfskins. 


proceeds to coat it a second time with another series of overlapping strokes at right 
angles to the first strokes. After being sprayed, each skin is hung to dry for 5 min., 
and is then brushed twice around, rolled twice around and hung in the drying tunnel 
for 1 hour at 90° F. After all the finishing materials has been applied to the 
leather, proceed exactly as for black leather, using more or less of Finish No. 15 
according to the degree of waterproofness desired in the leather. 

Boarding or Graining 

The descriptions of finishing so far have been limited to smooth, full-grain calf- 
skins, both chrome-tanned and vegetable-tanned, and the methods given are appli- 
cable to any smooth, full-grain leathers. Pleasing patterns can be produced on the 
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Courtesy Chas. H. Stcliling Co. 


Fig. 373. 

Cork Arm Graining 
Board. 


grain surfaces of calfskins and other finished leathers by an operation known as 
hoarding, or hand graining. This method of producing grain patterns was known 
long before embossing presses came into use in the tanning industry, but the effects 
produced by hand graining are still very popular. In hand graining, an operator 
uses what is known as a graining board, like the one shown in Fig. 373. It consists 
of a curved board with its face covered by a thick sheet of cork. The operator 
puts his arm through the loop at one end and takes a firm hold on the grip at the 
other end with his hand. A skin is laid on the table, grain side up. The operator 
folds a portion of the leather over so that it rests grain upon grain. He then 
presses with the graining board upon the fold, forming a crease. He then pulls the 
board back towards him, while pressing on the fold in the leather. As he does so, 
the crease line moves along the leather, following the board and producing a series 
of creases about inch apart. The greater the pressure he applies, the sharper 
will be the creases and the closer they will be together ; that is, there will be more 



Courtesy A. F. Gallun & Sons Corp. 

Fig. 374. Boardinsr. or Hand Graining, Vegetable-tanned Calfskins. 
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crease lines per linear inch. By boarding the skin completely in one direction and 
then in direction at rig'ht angles to the first, he produces a box-grain pattern. 
By boarding a third time in a direction diagonal to the other two, he produces a 
pebbled-grain pattern. 

Fig. 374 shows a battery of hand-grainers at work boarding vegetable-tanned 
calfskins and Fig. 375 shows another group at work on chrome-tanned calfskins. 

Ironing 

After boarding the leather, the grain surface is again made smooth by ironing 
it with a hot iron, much as a housewife irons clothes. Although the grain surface 
is again made smooth, the pattern produced by boarding remains, and the boarded 
leather is softer and more flexible than it was before boarding. In some tanneries, 
this ironing is still done by hand with an electric iron, but some tanners have 



Courtesy The Ohio Leather Co. 

Fig. 375. Boarding, or Hand Graining, Chrome-tanned Calfskins. 


installed large ironing machines, like those to be found in commercial laundries. 
The fine effect produced by ironing appears not to be obtained by smooth-plating, 
and some tanners definitely prefer hand ironing to machine ironing because of the 
easily varied effects of friction and pressure even though the labor cost is much 
greater. 

Embossing 

All through the ages, attempts have been made to decorate and beautify leathers, 
and many valuable works of art are to be found tooled on vegetable-tanned leathers. 
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By working on the grain surface of leather with a hot iron pencil or tool, artists 
have been able to produce even portraits in relief on leathers. At the plant of Bona 
Allen, Inc., in Buford, Georgia, one can still find highly skilled artists at work daily 
tooling beautiful designs in relief on leather saddles and trimmings. This hand 
work not only requires great skill, but it is enormously time-consuming and expen- 
sive. With the development of modern machinery, it was found possible to produce 
very elaborate designs in relief upon leather by a process of embossing, which has 
made possible the production of elaborately designed leathers at no greater cost 
than that of smooth leather. Some embossing designs are very effective in hiding 
grain damages, and it has been found possible to buff grain-damaged leather and 
then to finish and emboss it, producing a beautiful piece of leather from an other- 
wise unsightly skin. 

One of the pioneers in the building of embossing presses in this country is the 
T. W. & C. B, Sheridan Co. of New York and Boston. The writer is indebted to 
Mr. P. D. Bishop of this company for the following descriptions of the develop- 
ment of the Sheridan press and the latest methods for the building of matrixes for 
embossing and for smooth-plating. 

^'As in a great many cases of machine development, Sheridan presses evolved 
from small beginnings. The first presses were small units operated by hand, with 
an embossing surface of 7^'x5" or 14^'Xll". These came along about the middle 
of the nineteenth century and were used mostly by bookbinders for stamping 
designs on book covers, either of leather or cloth. The pocketbook and bag manu- 
facturers then took it up, asking for a larger and heavier press to stamp designs 
on the cut-out pieces of leather. 

“The demand for still larger plate surfaces came with the development of leather- 
covered trunks and the Sheridan press was made of a size to take the whole side of 
a trunk, with a plate surface 24"x42". This type and size of press was also tried 
as a smoothplating machine on side leather, but the 24'^ width necessitated rolling 
up the edges of the sides to get them through and so the machine was later 
redesigned, increasing the width to 48", which was agreed upon as the width 
necessary to take any side. 

“The first machine of this design and size was put into operation in Peabody, 
Mass, about 1903 and is still in operation. This machine proved very successful 
after a few strengthening changes. 

“The introduction of presses into the operation of leather making was a slow 
process, with many obstacles and objections to be overcome. The side-leather manu- 
facturers took it„ np first, finding the use of the press not only saved them money 
in the finishing process, but in many instances enhanced the value of the leather. 
The ability to emboss a design on the leather to cover any defects in the grain 
allowed them to put through skins that were hardly usuable before. It was not,' 
however, until users started asking for plated leathers that the operation of smooth - 
plating in making leather became established. 

“The smoothplating of calfskins and sheepskins started during the woidd war 
when leather was in great demand and quick deliveries were essential. The use of 
the press shortened production time and lessened productibn costs. With the war 
also came many poor skins, which could be covered up by embossing. 

“At this time also came the call from sole-leather manufacturers for an extra 
heavy press with conforming head for smoothplating sole leather, bends, bellies, 
shoulders and heads. Smoothplating of this type of leather has not only been of 
great help in giving the tanner a firmer and flatter piece of leather with less bag, 
but has also allowed him to do away to a great extent with the operation of rolling. 
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Courtesy T. W, <&* C. B. Sheridan Co. 

Fig. 376. Sheridan-8E Smooth-plating and Embossing Press, Showing Also Portion 
Submerged in Pit Below Floor Level. 


''With the advent of embossed and fancy leathers for the shoe and pocketbook 
trade came the demand for heavier, stronger and more accurate presses. Sheridan 
presses are now being made in sizes up to 72"x 36". 

"Later came the demand for a press adaptable for both smoothplating and 
embossing, where the pressure exerted could be measured and automatically 
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released when a certain predetermined pressure was reached, thus allowing- the 
handling of light and heavy skins without changing the adjustment and doing 
away with the added expense of assorting the skins according to thickness. The 
Sheridan'9AH hydraulic resistance head press was brought out in 1938 to cover 
this demand.” 

Fig. 376 shows the Sheridan-8E press with a 48''x26" head, which is used for 
both smoothplating and embossing upper leathers. The temperature of the embos- 
sing plate is controlled by a heating chest equipped with inlets for both steam and 
cold water. Its enormous pressure of over 500 tons is easily controlled, if light 
ironing only is required, the pressure being regulated by a wedge operated by a 
handwheel within easy access to the operator's right hand. 

The combination hand and foot treadle, enabling the operator to start the 
machine either with his left foot or left hand, leaves the right or both hands free to 
pull the leather forward and register it without loss of time. The safety guard on 
the operator’s side is brought into action by starting the press. It consists of an 
iron-pipe frame hinged on the front of the machine on a level with the bed, which 
slowly rises upward and outward as the bed of the machine comes up, and pushes 
the operator away from the working parts of the machine. The friction clutch and 
brake enable the machine to be started quickly and stopped at any point in its 
operation. 

The press can be arranged either to throw off after each impression or to run 
continuously, as desired. The cam is arranged to give the maximum dwell on the 
impression, applying the pressure with a positive slow motion until it reaches the 
maximum, dwells and then releases quickly, the time under impression being about 
one-third of the cycle of the cam. 

Building a Matrix for Embossing on a Sheridan Press 

When the press is in operation, the embossing plate is locked face down into the 
fixed head of the press, which contains a steam heating chest for controlling the 
temperature of the plate. The leather is placed on a bed that rises to force the 
leather against the embossing plate, and then falls again. To get the best results, 
it is necessary to build upon this movable bed a matrix that conforms to the design 
of the embossing plate. There is a removable metal counter plate on the bed of the 
press which is used to hold the matrix. This counter plate should be bored and 
countersunk along it edges to take stove bolts I" long. By means of these bolts, 
attach to the counter plate a full-size sheet of heavy cardboard. Upon this, glue 
(with Lepage’s glue) a second sheet of cardboard, and upon this glue a third 
sheet. Then lock the counter plate onto the bed of the press, with the embossing 
plate in place, and run the press so that the cardboard is brought up against the 
embossing plate fi'om 20 to 30 times, applying heat and pressure to get the impres- 
sion well worked into the cardboard. Then let the cardboard remain in contact 
with the hot plate under light pressure until the glue has dried out, 60 to 90 minutes. 

After the glue is dry, dampen the top board with a sponge with warm water and, 
while the board is still damp, operate the press 20 or 30 times with heat and pres- 
sure to obtain a sharp impression of the embossing plate on the board. Because 
the board dries out quickly under this operation, it may be desirable to dampen it 
again slightly while making the impressions. 

After the impression is well worked into the board, using flour-and-water paste, 
paste a sheet of matrix paper over the cardboard. Over this, paste a second sheet 
and then a third sheet, pasting each sheet on separately. Release the pressure on 
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the press so that the paper just kisses the embossing- plate. Operate this way a few 
times until the paste dries out, but, as it is drying, increase the pressure and 
operate the press 20 or 30 times. If the paper should start to blister, release the 
pressure a little. Then emboss a thin sheet of paper and study it to note any low 
spots which may be either in the plate or in the matrix board. It is then necessary 
to build up these low spots with matrix paper until the design, upon embossing a 
sheet of paper, is uniform over the entire surface. After this is done, paste one or 
two sheets of matrix paper over the full area and proceed again as described above, 
releasing the pressure at first and then bringing it up to full pressure until the paper 
is dry. This is done to prevent the paper from sticking to the plate. If it should 
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Courtesy B. D, Eisendrath Tanning Co. 

Fig. 378. Assorting and Grading Finished, Chrome-tanned Calfskins. 

stick, it can be washed off with a damp cloth. If a very deep impression is desired, 
it can be obtained by using more matrix paper. After the matrix is thoroughly dry 
and ready for work, trim off the board front and back edges to match and sand- 
paper the edges lightly. 

Embossing Plates 

Embossing plates can now be obtained of great variety of designs. Calfskins can 
be made to simulate the skins of reptiles or of hogs, or given any one of innumerable 
designs. One of the pioneers in manufacturing embossing plates is F. A. Ringler 
Co., New York, who kindly furnished the cut of Fig. 377 showing various emboss- 
ing designs on leather. 
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Smooth-plating 

When it is desired to obtain a high gloss in smooth-plating, it is best to use a 
smooth plate of polished steel, either nickel- or chromium-plated. For dull finishes, 
it is best to use a polished brass plate. The proper building up of the bed is also 
very important to get the best results on various types of leather. For calfskins 
and sheepskins, it is best to have a rubber bed. Rubber beds or bolsters are made up 
of a special built-up rubber and are formed to fit the sizes of the different presses. 
Temperature and pressure controls are also very important for light skins. 

In the first and second smooth-plating operations for buffed sides and splits, it 
is desirable to have a hard bed made of cardboard or hard felt. A matrix is built by 
bolting to the counter plate a sheet of heavy cardboard and then gluing onto this a 
second and then a third sheet of cardboard cut the same size as the smooth plate, 
but bevelled in with a smooth bevel about ¥' all around. On this the felt is placed 



Courtesy Woburn Machine Co. 

Fig. 379. Gauge for Measuring Thickness of Leather. 

and bevelled all around about i" to ¥' smaller than the smooth plate. This bevel is 
to prevent plate marks on the leather. It is desirable to keep the felt clean by cover- 
ing it with a sheet of kraft paper extending out and being attached to both back 
and front of the press. 

If a rubber counter is used in place of the felt, this rubber which comes bevelled 
on all four sides, should be attached to the counter plate through the cardboards 
with stove bolts at the middle of both ends. This will keep the rubber from slipping 
without gluing. At least four thicknesses of a special kraft paper that will not 
crack should be used to cover the rubber. 

Assorting and Grading Leathers 

After skins have been completely finished, they must be assorted and graded 
according to quality. Fig. 378 shows a typical group of graders working on finished, 
chrome-tanned calfskins. Each grader is an expert in determining from the appear- 
ance and feel of a skin its value to the customer. He notes all grain damages, any 
unevenness of color, fineness of break, veins, graininess, tendencies for the grain to 
crack upon sharp bending, any tenderness in the leather, etc. He sums up all the 
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good and bad points of each skin, from which he determines whether the skin is to 
be classed as a first, second or third grade skin. 

He also measures the thickness of each skin and grades it accordingly as a light, - 
medium or heavy-weight skin. Usually a grader becomes so expert in this work 
that he does not need a gauge, but he keeps one handy to differentiate between 
borderline thicknesses. Fig. 379 shows the popular Woburn gauge often used 
both for finished leather and for leather to be measured at the splitting machine. 
The Turner gauge was shown in Fig. 264 (p. 446), and the description given 
there applies to both gauges. Fig, 380 shows another interesting picture of 
graders at work on chrome-tanned calfskins. 



Courtesy The Ohio Leather Co. 


Fig. 380. Assorting and Grading Chrome-tanned Calfskins after Finishing. 

Measuring Areas of Calfskins 

Most light leathers are sold by area, the price per square foot being determined 
by the kind and grade of leather. In making proper deliveries and billings, it is 
very important that the tanner know the number of square feet of leather in each 
skin. Each skin is measured separately on a very ingenious measuring machine, 
one of which is shown in Fig. 381. There are many different types of measuring 
machine, but most of them work on the same general principle. When the machine 
is running and a skin is fed into it, it passes through under a series of notched 
wheels. These wheels rest on the leather and move as it passes through. Each is 
connected to a recording device and adds to the measurement shown on the dial 
only when leather is passing under it. If there are 10 such wheels to the linear foot, 
when leather passes under only one of them, the dial will record 0.1 sq. ft. for each 
linear foot of leather passing through. At a point where the leather is 3 ft. wide, 30 
of the wheels will be moving and recording at the rate of 3 sq. ft. for each linear foot 
of leather passing through. In the 3-ft. width of leather passing through, if there 
should be a hole in the leather 6 inches wide, 5 of the 30 wheels will not record 
while passing over the hole. Thus in a very speedy and simple manner, the area 
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Courtesy A. F. Galhin & Sons Corp. 


Fig. 381. Measuring the Areas of Finished Vegetable-tanned Calfskins. 

of any skin is measured to an accuracy within 0.1 sq. ft. After a skin has passed 
through the machine, the operator has only to read its area from the dial and set it 
again to zero for the next skin. As soon as a skin comes through the machine, 
its area is marked on the flesh side to be used later by the checkers in recording 
the number of sq. ft. of leather going into each bundle. 

Fig. 382 shows three measuring machines in use on the measurement of finished, 
chrome-tanned calfskins. A somewhat more detailed view of a measuring machine 
can be seen from the picture of the Woburn machine in Fig. 383. 

Checking and Bundling 

After the skins have been measured, they pass on to a checker, who usually 
receives them in lots of one kind, weight and grade. As the skins are taken in lots 
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of 12 to be bundled together, he adds up the areas so that the bundle can be marked 
with the kind, weight, grade and aixa of the skins it contains. Fig. 384 shows the 
checkers and l:)undlers at work on finished, chrome-tanned calfskins. 

In routine operations, leather is sometimes bundled before it is sold, and kept in 
a stock room, from which immediate deliveries can be made upon order. In such 
stock rooms, bundled leather is catalogued and filed like books in a library, so that 
any amount of any kind, weight or grade can be obtained without delay. Fig. 385 
shows an ideal finished-leather stock room. 

Fig. 386 shows a salesroom in which finished goatskins and sheepskins are 
graded and bundled. Customers can come into this room and select types of skins 
particularly suitable for their purposes. To the right are enclosed offices from 
which the business of the tannery is managed. 



Courtesy The Ohio Leather Co. 

Fig. 382. Measuring the Areas of Finished, Chrome-tanned Calfskins. 

Raw Materials Used in Leather Finishes 

The general subject of finishing all kinds of leather is one of enormous detail 
and many widely used commercial finishes are of secret composition, as a restilt of 
costly research on the part of finish manufacturers. If this entire volume were 
devoted solely to leather finishing, it would leave much untold. Dealing with the 
subject in a single chapter, it has seemed best to go into great detail first on only 
full-gi ain calfskins. Finishes that a tanner can prepare himself have been 
described and the niechanical operations involved have been given in as much detail 
as seems practical in the small space allowed. It is realized that this book will be 
used by tanners of many other kinds of leather and read by many who do not make 
leathei at all. In the interest of clarity of presentation and the illustration of the 
fundamental pi inciples involved, it has seemed best to describe the finishing of full- 
giain calfskins thiough to the point of delivery, then to describe the materials gen- 
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erally available for leather finishes, and then to give procedures for the finishing of 
many other types of leather, some of them involving the use of commercial finishes 
which many tanners purchase because they give results preferable to finishes which 
they themselves know how to prepare. Actually, the procedures given for calfskins 
can be applied with obvious modifications to any kind of leather with some degree 
of satisfaction. On the other hand, there are many excellent methods of finishing 
calfskins that are not included in the foregoing descriptions. 



In describing raw materials for use in leather finishes, it is convenient to 
divide them into ten groups as follows: (1) protein materials; (2) gums and muci- 
lages; (3) natural resins; (4) waxes; (5) pigments; (6) dyes; (7) antiseptics; 
(8) rubber latex; (9) pyroxylin and synthetic resins; and (10) miscellaneous 
materials. 


Fig. 383. Leather Measuring Machine. 
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Courtesy The Ohio Leather Co. 


Fig. 384, Checking and Bundling Finished, Chrome-tanned Calfskins. 

Protein Materials 

Casein is the most important protein material used in leather finishes, judging by 
quantity consumption. It is obtained from cows’ milk by heating to 95° F., adding 
hydrochloric acid to reduce the pH value to 4.7, allowing the curd of casein. to settle, 
decanting off the supernatant liquor, washing the curd repeatedly with water acidi- 
fied to pH 4.7, and finally drying the purified curd. It is sold in the form of 
gray to white powder or crumbs. It does not dissolve readily in pure water, but if 
alkali is added to the water, it dissolves in considerable quantity. Tanners produce 
rather concentrated solutions of casein in water by adding aqua ammonia and boil- 
ing the solution. The casein dissolves in the form of an ammonium caseinate. 
When films of this are applied to solid surfaces and allowed to dry out, the 
ammonium caseinate dries to a tough transparent film. Upon drying at higher 
temperatures, the ammonia is driven off, leaving a tough film of casein that is not 
soluble in water. By incorporating finely ground pigments with the ammonium 
caseinate solution and then allowing a film of it to evaporate on a solid surface, the 
pigment remains firmly bound in the dried casein film. When films of casein are 
allowed to dry on leather surfaces, they adhere with great tenacity, and they hold 
pigments and other materials that were mixed with their solutions. For this 
reason, casein solutions are referred to as hinders. 

Milk has been found satisfactory as a finishing material because of the casein 
it contains. Actually milk contains only about 13 percent of solid matter, the rest 
being water. Of the 13 percent of solid matter, only 3 percent is actually casein; 
about 5 percent consists of sugars and nearly 4 percent fats, the remaining 1 percent 
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being albumins and salts. When milk films are allowed to dry on leather surfaces, 
they are not quite so hard as films of pure casein solution because the fats and 
other materials remain in the casein and plasticise it ; that is, they keep it in a more 
plastic and less solid condition. 

Egg albumin, as sold to the leather industry, is simply the dried whites of hens’ 
eggs. The yolks are separated from the whites and the whites are then dried to a 
water content of about 15 percent; the original whites contain about 87 percent 
of water. The drying is usually done in shallow pans with the air temperature 
never exceeding about 100° F. ; sometimes the drying is done in vacuum dryers at 
much lower temperatures, and a better product is thus obtained. The commercial 



Courtesy The Ohio Leather Co. 

Fig. 385. Finished-leather Stock Room for Chrome-tanned Calf Leathers. 


material is sold in chips or as a granular powder, containing about 16 percent by 
weight of water and about 60 percent of coagulable albumin. The dried albumin 
first swells when placed in cold water and finally dissolves to a turbid solution. 
Care must be taken not to heat albumin solutions above about 110° F., or coagulation 
may occur. When leather is coated with thin films of egg-albumin solution, they 
dry hard and glossy but the use of too much may produce on calf leather what has 
already been described as a crusty break. Like casein, egg albumin may be con- 
sidered as a binder. 

Blood albumin is the dried serum of the blood of cattle. The blood is allowed to 
clot and the serum is separated from the fibrin and corpuscles by centrifuging. The 
serum is then decolorized by treatment with animal charcoal, filtered and dried at 
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low temperature in vacuum dryers. It has many of the properties of egg albumin 
and is used in much the same way. 

Ox blood consists of the whole blood of cattle and is much used in black leather 
finishes for leather that is to be glazed, such as glazed kid leathers. It is not much 
used on light-colored leathers because of its darkening effect, but for darker leathers 
the red corpuscles serve as pigment in covering many slight grain defects. 

Gelatin is sometimes used in leather finishes. It is prepared largely from the 
trimmings of calfskins by dissolving in boiling water after a long liming and sub- 
sequent purifying process. It is sometimes obtained by extracting certain kinds of 
bones with boiling water. It is usually sold in thin sheets. It dissolves readily in 



Courtesy L. H. Hamel Leather Co. 


Fig. 386. Stock Room and Salesroom for Finished Goatskins and Sheepskins. 

warm water and produces rather tough films on leather. Since these films are apt 
to be too hard, it is usually used with suitable plasticizers, such as glycerin or flax- 
seed mucilage. Isinglass, or fish glue, is a colorless, odoidess and tasteless gelatin 
prepared from the inner skins of the swimming bladders of various fish, and is" some- 
times preferred to ordinary gelatin in making leather finishes. 

Gums and Mucilages 

The gums and mucilages used in leather finishes are exudations of plant cells of 
a carbohydrate nature. When soaked in water/ they first swell by absorbing water 
and finally dissolve, usually very rapidly when the temperature of the water is 
raised to the boiling point. They are precipitated from solution by the addition of 
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alcohol. When used as a bottom finish on leather, they tend to cover uneven grain 
surfaces, and some of them reduce the luster produced by other finishing materials. 

Algin is a mucilaginous material obtained from the common seaweeds Lmiiinaria 
digitata and Laminaria stenophylla. The plants are first washed to remove salts 
and are then digested in a hot solution of caustic soda, which extracts the mucil- 
aginous principle in the form of a salt, called sodium alginate. The free acid algin 
is precipitated by neutralizing the solution with sulfuric acid. The precipitated 
algin is added to a second portion of the alkaline extract in such quantity as to give 
a neutral solution of sodium alginate. Repeated precipitations with acid and redis- 
solvings in alkaline solutions increase the purity of the material. A 10 percent 
solution of sodium alginate is used as a finishing material. 

Irish moss is the dried plant Chondrus crispus, a seaweed found along the 
coasts of Ireland and New England. It grows on rocks that are periodically covered 
by the sea. It is collected at low tide and dried in the sun. It is sometimes called 
Iceland moss or Chondrus. The mucilaginous principle contained in the dried 
plant is called carrageenin, or carragheein, and is present to the extent of from 
55 to 60 percent. The plant is washed with cold water to remove the salt and the 
mucilage is then extracted with boiling water for from 1 to 2 hours, enough water 
being used to give a solution containing from 4 to 8 ounces of dry mucilage per 
gallon. The dried residue will swell, if placed in cold water, and will dissolve 
in boiling water. A 1 percent solution will set to a jelly upon cooling. A 3 percent 
solution is a good emulsifying agent. 

Flaxseed mucilage can be prepared by extracting ripe flaxseed {Linum 
usitatissimum) with about 40 times its weight of boiling water for one or two 
hours and straining while still hot. The mucilage is contained only in the outside 
shell. The extraction must not be unduly prolonged or the shells may be broken 
and much oil extracted along with the mucilage, which would be undesirable. A 
yield of about 6 lbs. of dry mucilage is obtained from 100 lbs. of seeds. When 
added to other finishes, it reduces their tendency towards brittleness and gives the 
grain a silky feel. The small amount of oil extracted with the mucilage assists 
in giving this effect. The mucilage stains readily with dyestuffs, being generally 
superior to starches in this respect. 

Giim tragacanth is an exudation from the stems of the Astragalus gmmnifer 
and other varieties of Astragalus, which grow in Syria, Persia and other Asiatic 
countries. It is sold as dull, white, transparent plates or yellow powder. It swells 
in water, but dissolves upon the addition of alkali or hydrogen peroxide; alcohol 
precipitates it. It contains two substances, one resembling gum arabic and the 
other a substance insoluble in boiling water unless it is made alkaline. It has 
many of the properties of flaxseed mucilage and is actually to be preferred when 
used on leathers that are subsequently to be glazed. It is used in solutions contain- 
ing from i to 1 percent of the dry mucilage. 

Gum tragasol is obtained from the seeds of the locust bean, Cerafonia siliqua. 
The separated husks are ground and extracted with steam under pressure. Most 
of it comes from England and it is imported by John P. Marston Co. of Boston in 
the form of a stiff, opalescent jelly. Many tanners have found difficulty in dis- 
solving it because even very dilute solutions form very stiff jellies. By heating 
it to the boiling point, it can be stirred. Water should then be added to it, very 
little at a time, while continuing to stir. After each small addition of water, no 
more should be added until that already added has been thoroughly incorporated. 
By continuing in this way, solutions of the desired strength can readily be obtained. 
As a finish, it has excellent filling properties, toughness, elasticity, resistance to 
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mbbing, and a remarkable binding power for pigments when applied to flesh splits. 
It is also used during tanning to impart a very desirable fullness and flexibility to 
leather. 

Starches and their corresponding dextrins are used for some kinds of leather 
finishing, particularly for splits and for bag and strap leathers. Dextrins are made 
from corn, potato, or wheat starches by heating them to 482*^ F. and then pulver- 
izing and are often called by various names, such as British gum, vegetable gum, 
artificial gum, gommeline, or starch gum. They dissolve readily in water, but are 
precipitated by the addition of alcohol. Where starches are used, they are first 
ground to a paste with cold water and then diluted with boiling water. Starches 
are usually preferred to dextrins because of their greater jelly-forming properties, 
but the dextrins can be dissolved much more readily. Sometimes glycerin is added 
to the starch mucilages to prevent stififness or brittleness. 

Natural Resins 

Although shellac and rosin are not always classed among the natural resins, it 
is convenient to list them here to differentiate them from the synthetic resins. 

Shellac, lac, or lacca is the resin most commonly used in making ordinary 
leather finishes. It is found as a thick excrescence on the small twigs of several 
species of East Indian trees and results from the bite or sting of the insect Coccus 
lacca. When collected and sold in this form, it is known as stick lac. It is first 
macerated with water in order to extract a brilliant red dye called lac dye. The 
seed lac is refined by melting and straining and then pouring in thin films over 
cylinders or plates and allowing to cool and harden. It is scaled off in thin flakes 
and sold as orange shellac. It is sometimes poured into molds to form button lac 
or garnet lac. White shellac is made by bleaching orange shellac with chlorine 
or sodium hypochlorite after first removing some of the waxes. Shellac consists 
largely of oxidized fatty acids. 

Shellac is widely used in top finishes for glazed leathers where a hard, glossy 
and water-repellant surface is desired. It is insoluble in pure water, but dissolves 
readily in alcohol or in solutions made alkaline with ammonia or borax, which form 
water-soluble soaps with the oxidized fatty acids. The use of excessive amounts of 
shellac in finishes may result in a crusty break on the leather, but finish manu- 
facturers vie with each other in producing plasticized shellac finishes free from 
this defect. They guard their formulas as trade secrets. 

Colophony, or common rosin, is used to a limited extent in finishing leathers 
requiring a slight stickiness, such as those from which the grips of golf clubs are 
made. It is obtained by distilling off the turpentine oil from crude turpentine. It 
is a somewhat sticky red-brown to light-yellow solid which begins to soften at 
about 144° F. and melts at temperatures above 212° F. It is a very brittle solid 
with a glassy fracture and has a faint odor of turpentine, but very little taste. 
It is insoluble in pure water, but soluble in alkaline solutions and in acetone, 
alcohol, benzene, chloroform, carbon disulfide, ether, ethyl acetate, turpentine, 
and many oils and slightly soluble in petroleum spirits. It consists chiefly of 
abietic acid which can readily be ■ neutralized by alkalies with the formation of 
water-soluble abietates or resin soaps. 

Some tanners of chrome-tanned sole leather use rosin in their stuffing mix- 
tures because it prevents the leather from becoming inordinately slippery when wet. 

Waxes 

Carnauba zva.v, or Brazil wax, is the wax most widely used in leather finishes 
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Copernica cerifera, which grows in Brazil. It consists of hard, amorphous, 
yellow-green to light-yellow, brittle lumps. It is tasteless and has a peculiar, 
agreeable odor. It is insoluble in pure water, but watery emulsions of it can 
readily be made by melting it and pouring the molten mass into boiling soap 
solutions while stirring vigorously. Carnauba wax is graded according to 
color and uniformity by numbering 1, 2 and 3, number 1 supposedly being the 
finest grade and lightest in color. Grades 2 and 3 include the varieties labelled 
“North Country'" and “Chalky,” which have a greenish to greenish-gray cast. 
Bleached or white carnauba wax is obtained by adding paraffin wax and treat- 
ing the melted mixture with hot, dilute, alkaline solutions. The unsaponified por- 
tion, which floats on top, is pumped ofif, clarified with some adsorbing agent, 
filtered, and then allowed to cool and solidify. The byproduct remaining in the 
alkaline solution is recovered by acidifying the solution and collecting the precipi- 
tate, which is used for certain kinds of shoe polish. The popularity of carnauba 
wax is due to its hardness and relatively high melting point. It is applied to 
leather as a dispersion in soap and water. It gives a vei'y high shine to leathers 
which are brushed, but not glazed. Glazing raises the temperature of the finished 
surface of leather to a point higher than the melting point of any wax, which 
sometimes causes wax finishes to dull. Dispersions of carnauba wax are used 
in shoe factories to give the shoes a fine luster before they are sent to the market. 

Beeswax is obtained from the honey-comb of the common bee, Apis mclUficaj 
and some allied species. The pressed honey-comb is melted in hot water, drawn 
off into molds, and bleached by exposure to sunlight or to chemical oxidizing 
agents. It has a faint, characteristic taste and a honey-like odor. . 

Although it is insoluble in water, fine and stable emulsions can be made by 
stirring the molten wax into boiling soap solutions. Because of its softness and 
low melting point, leather finished with it is easily marred by fingering. 

Japan wax is obtained from the berries of three varieties of Rhus, growing in 
Japan: Rhus succedanea, Rhus vernicifera, and Rhus sylvestris. The berries 
are ground to a meal and the wax extracted by heating with steam and pressing, 
repeatedly. It is bleached in the sunlight. It is insoluble in water, but soluble in 
benzene and naphtha. It is dispersed by alkaline or soap solutions. 

Because it is a soft wax and leather finished with is easily marred by fingering, 
it is not widely used in leather finishing, but it is widely used in shoe polishes 
because it can be rubbed to a high luster with very little friction. 

Candelilla ivax is found as an excretion on the desert plants along the United 
States-Mexican border, and is extracted by boiling water. It is a hard, brittle, 
translucent, dark-brown wax which gives off an aromatic odor when heated. It 
is insoluble in water, but is dispersed by alkaline or soap solutions. It dissolves 
in hot alcohol, ether, acetone, chloroform, carbon disulfide, oil of turpentine, or 
gasoline; but, upon cooling, the solutions become pomade-like masses. Its hard- 
ness and high melting point place it in the class with carnauba wax rather than 
with the softer beeswax and Japan wax. 

Montan wax is sometimes used in place of carnauba wax. It is a bituminous 
substance extracted by various solvents from the pyropissite obtained from the 
lignites of Saxony and Thuringia at a temperature of about 480° F. and 50 
atmospheres’ pressure. It is a hard, white, odorless wax melting between 170 and 
190° F., or about the same range as that for carnauba wax. 

Pigments 

Many leather finishes contain insoluble mineral pigments or lakes finely 
ground in oil. Being opaque, they tend to hide defects in the grain of the leather, 
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making the color and general appearance more uniform. Pigments for lacquers 
are usually ground in one of the oils or plasticizers to be used in making up the 
lacquer, but for water finishes it is customary to grind the pigment in a sul- 
fonated oil. The surfaces of the particles of pigment become coated with the 
sulfonated oil which gives them an attraction for water that keeps them in suspen- 
sion when mixed with water or with watery finishes. 

When grinding pigments in sulfonated oils, it is desirable to use the minimum 
amount of oil that will do the work, because excessive amounts of sulfonated oils 
in leather finishes may prove undesirable. The finer the degree of subdivision 
of a pigment, the greater its surface area per pound. In grinding pigments, it 
is desirable to know approximately the minimum amount of oil required for the 
different pigments available on the market. Working 'in the writer’s laboratories, 
W. Varo determined these amounts for a number of different commercial pig- 
ments used in leather finishes. The results are given in Table 48. 


Table 48. Minimum Amounts of Sulfonated Cod Oil Required to Grind Various 
Common Pigments Used in Leather Finishes. 

Lbs. oil 
per 100 lbs. 

Chief constituents pigment 


Color 

White 

White 

White 

Yellow 

Yellow 

Yellow 

Orange 

Orange 

Red-brown 

Brown 

Brown 

Brown 

Red 

Red 

Green 

Blue 

Blue 

Black 


Commercial name 
titanium oxide 
blanc fixe 
lithophone 

lemon chrome yellow 

medium chrome yellow 

toner yellow 

orange chrome yellow 

raw sienna 

burnt sienna 

burnt umber 

Van Dyke brown 

toner brown 

para red 

Indian red 

chrome green 

ultramarine 

Prussian blue 

magnetic oxide 


titanium dioxide 120 

barium sulfate ^ 60 

barium sulfate, zinc sulfide 35 

lead chromates and sulfates 34 

lead chromate 35 

insoluble aniline dyes 206 

basic lead chromate , 20 

iron, manganese and aluminum oxides and sjlicates 123 
iron, manganese and aluminum oxides and silicates 93 
iron, manganese and aluminum oxides and silicates 115 
copper ferrocyanide 100 

insoluble aniline dyes 254 

paranitrobenzene-azo-betanaphthol 125 

iron oxide 25 

chromic oxide . 35 

sodium and aluminum sulfide and silicate 70 

ferric ferrocyanide 118 

iron oxides 70 


Practically any of the sulfonated oils used in the tannery can be used for 
grinding pigments for leather finishes. Pigments can also be ground in casein 
finish. It is sometimes advantageous to make up a finish without pigment and 
then to grind the pigments in it. 

Although many of the mineral pigments are mined as such, many are produced 
chemically. In recent ’years, there has been a tremendous development of organic 
pigments, which really are insoluble aniline dyes. They have the advantage of 
constancy of composition and the colors available cover practically the entire range 
of the visible spectrum, but are likely to be less light-fast and are more likely to 
bleed and to crock. 

Gold and silver effects are sometimes produced by using finely divided powders 
of aluminum metal in lacquer binders; they are made to appear like gold simply 
by incorporating yellow and orange lacquer-soluble dyes with them. The best 
of the gold and silver leathers are finished by covering them with pure gold and 
aluminum leaves, an operation described later in this chapter. 

Beautiful iridescent pearly effects are produced on leather by the use of the 
crystalline guanine obtained from the scales of fishes such as the herring, shad 
and pilchard. About one pound of pearl essence is obtained from 200 lbs. of 
fish scales. The material is marketed by Paispearl Products, Inc., of New York 
under the name of Paispearl Genuine Pearl Essence. The writer has made much 
beautiful pearl leather with it by incorporating it into lacquer and applying it as 
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a top coat to finished calf leathers. Other suppliers of pearl products are The 
Mearl Corp., New York, Hudson Pearl Co., Inc., Union City, N. J., and Givaudan- 
Delawanna Inc,, New York. 

Dyes 

Aniline dyes are used extensively in leather finishes to make the final adjust- 
ment of color to the exact shade desired. A finishing- room foreman usually keeps 
freshly prepared dye solutions of a great variety of colors on hand at all times to 
make these adjustments. He soon learns what dyes are compatible with each 
of his various finishes. When he is using neutral or faintly alkaline solutions of 
casein, he usually limits himself to acid dyes, because basic dyes and alkaline 
casein precipitate each other. 

When solutions of acid dyes are mixed with solutions of basic dyes, the dyes 
combine chemically and precipitate out as a water-insoluble lake. Many of the 
insoluble dye pigments are made in this way. 

Extensive use is made of the tendency for acid and basic dyes to combine 
with each other to form insoluble lakes. Before finishing, it is common to apply 
to the leather a coat of an acid dye, allow it to dry, and then apply a coat of 
basic dye. The insoluble lake formed has a measurable degree of covering power 
(hiding power), and the leather may be made to appear much more uniform in 
color without the use of mineral pigments. As a rule, the basic dyes give the 
leather more intense and brilliant colors, but they are not so fast to light as 
the acid dyes. 

The use of wax-soluble dyes in making carnauba-wax emulsions has already 
been described. Special dyes soluble in lacquer solvents are available for use 
with lacquer finishes. 

Antiseptics 

Casein solutions and many of the other solutions used in leather finishes are 
so readily putrescible as to require the use of antiseptics unless they are to be 
used up immediately after being made. However, some antiseptics react chem- 
ically with finishing materials so that their antiseptic value is lost. Before attempt- 
ing to use any new antiseptic, its value must be proved under the conditions under 
which the finishing materials are kept, which is a very simple matter for any 
finishing-room foreman. Among the popular antiseptics for leather finishes are 
certain essential oils, phenolic compounds and compounds which liberate chlorine 
in solution. 

Although phenol^ often referred to as carbolic acid, is not much used in leather 
finishes, antiseptic power is often determined and recorded in terms of the anti- 
septic power of phenol. 

Working in the writer's laboratories, W. Varo studied the effect of various 
antiseptics upon a solution containing J lb. of casein per gal. at pH values from 
7.1 to 7.4 and at. a temperature of about 77° F. To this finishing solution, he 
added various amounts of different antiseptics and then noted the lapse of time 
before putrefaction became noticeable, as determined by the occurrence of foul 
odor. With no antiseptic, it usually became foul after standing over night. With 
1 part of phenol per 1000 parts of finish, the finish remained sweet for 7 days; 
with 2 parts per 1000, it remained sweet for 40 days and with 4 parts per 1000, 
it was still sweet after 2 months. Sodium phenolate, creosote and sodium 
salt of creosote showed essentially the same antiseptic power as phenol. 

Betanaphthol alone is not very soluble in water, but it can be dissolved as a 
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sodium salt by mixing it with one-fourth its weight of caustic soda, or it can be 
emulsified in water by mixing it with one-half its weight of soap. When emulsi- 
fied with soap, 1 part kept the finish sweet for 20 days and 2 parts kept it sweet 
for more than 2 months. But with the sodium salt, h part kept the finish sweet 
for 1 month and 1 part for more than 2 months. The sodium salt of betanaphthol 
is thus about 4 times as powerful as phenol. 

Collatone was found to have practically the same antiseptic power as the 
sodium salt of betanaphthol. In the same category belong also paranitro phenol, the 
Dowicides (Dow Chemical Co.) and the Santobrites (Monsanto Chemical Co.). 

Under the same conditions, Varo also determined the antiseptic powers of 
various essential oils. These were made into solutions or dispersions in two 
different ways. In one way, they were dissolved in alcohol to make 10 percent 
solutions, and in the other they were mixed with 4 percent sulfonated castor oil- 
soap solutions to make 10 percent solutions of the essential oils. These were added 
to the casein solutions to give the proportions of dry antiseptic to casein solu- 
tion shown in Table 49, which shows the number of days the finish remained 
sweet after the addition of the essential oil. Parallel tests were run with phenol 
in order to get values comparable with values available in the literature on the 
antiseptic values of other substances based on that of phenol as unity. 


Table 49. Preservative Action of Various Essential Oils upon a 4% Solution of Casein 
at 77° F. and pH Value of 7.3. 

(Values given in number of days that the finish remained sweet) 


oil 

0.25 

0.50 

1.00 

2.00 

3.00 

4.00 

5.00 

6.00 

8.00 

Phenol in alcohol 

Oil of sassafras 

2 

4 

4 

70 

120 

120 

170 

170 

... 

In alcohol 

4 

4 

4 

6 

6 

7 

25 

28 

29 

In soap solution 

Oil of eucalyptus 

5 

5 

7 

7 

13 

13 

16 

25 

30 

In alcohol 

2 

3 

3 

6 

7 

8 

24 

24 

25 

In soap solution 

Oil of mirbane 

4 

4 

5 

8 

16 

16 

24 

24 


In alcohol 

4 

4 

5 

8 

16 

16 

35 

38 


In soap solution 

Oil of thyme 

3 

5 

5 

20 

51 

51 

70 

70 

over 

In alcohol 

3 

3 

16 

23 

62 

65 

120 

120 

163 

Thymol in alcohol 

4 

7 

9 

20 

100 

over 

170 

over 

170 

over 

170 



Oil of thyme is the most effective preservative of the essential oils studied. 
It is obtained by distillation from the leaves and flowering tops of the Thymus 
vulgaris, grown principally in the mountainous regions of southern France. It 
is a yellowish-red liquid with a strong odor of thyme, an aromatic, pungent, 
cooling taste, specific gravity of 0.905 to 0.950; it is soluble in alcohol, ether, 
chloroform, and carbon bisulfide and very slightly soluble in water. It contains 
thymol, carvacrol, cymene, Imalol, and borneol. Thymol, fi9c?propyl-w-cresol, is 
prepared from oil of thyme by treatment with caustic soda and decomposition 
of the sodium salt with hydrochloric acid. It consists of colorless crystals, has a 
specific gravity of 0.979, melting point of 110° F., and boiling point of 450° F. 
It is soluble in water to the extent of about 3 parts per 1000, but is much more 
freely soluble in alcohol, carbon bisulfide, chloroform, oils, and ether. 

Oil of mirhane, or artificial oil of bitter almonds, is nitrobenzene. It consists 
of bright yellow crystals or yellow oily liquid with odor and taste of bitter 
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almonds. It has a specific gravity of 1.199, a melting point of 48° F., and a boil- 
ing point of 412° F. It is slightly soluble in water, but freely soluble in alcohol 
and ether. It is poisonous. 

Oil of eucalyptus is obtained by distillation from the fresh leaves of many 
species of Eucalyptus. It is a colorless or faintly yellow liquid with a characteris- 
tic aromatic odor and spicy, cooling taste. It has a specific gravity of 0.85 to 0.94. 
It is slightly soluble in water, but more freely soluble in alcohol, chloroform, 
carbon bisulfide, and ether. It contains phellandrene, cineal, citral, pinene, and 
terpenes. 

Oil of sassafras is distilled from the roots of the Sassafras officinale, native 
of North America from Canada to Mexico. It is a yellow to reddish-yellow, 
volatile liquid with a pungent, aromatic odor and a warm, aromatic taste. It has 
a specific gravity of 1.065 to 1.095. It is slightly soluble in water, but freely 
soluble in alcohol, chloroform, carbon bisulfide, ether, and glacial acetic acid. It 
contains safrol, eugenol, camphor, pinene, and phellandrene. 

Rubber Latex 

In finishing heavily buffed leathers and splits, there is need for a material that 
will fill the spaces between the fibers. Some tanners accomplish this by using large 
amounts of casein binder and pigments. Many tanners incorporate with these finishes 
considerable amounts of rubber latex, which gives the leather a smooth and 
elastic surface. Rubber latex has been much used to advantage in the manufac- 
ture of both smooth and embossed leathers. Because of its tendency to produce 
a coarse break in the leather, it is rarely used on the finer, full-grain leathers. 
It is a sticky, milky juice secreted by various species of rubber trees. It is not a 
sap, but a juice secreted to aid in healing damage to the tree. It is an emulsion 
of finely divided rubber in a faintly alkaline solution and is coagulated by making 
the solution faintly acid. It contains about 33 percent of rubber and has a pH value 
of about 7.2. It is usually added to finishes made faintly alkaline with ammonia. 

Synthetic rubbers can be applied to leather with results that are satisfactory 
except for the disagreeable odor that they impart. The writer has finished some 
very fine leathers with solution of S)mthetic rubber, but they had a disagreeable 
odor that would fill an entire room in which they were kept. It seems probable 
that this objection will be overcome and that the synthetic substances will either 
take the place of or actually supplant natural rubber latex in leather finishes. 

Pyroxylins and S5mthetic Resins 

Pyroxylins are cellulose nitrates made by treating cellulose, in the form of 
paper, wood-pulp, or cotton, with nitric and sulfuric acids. When cotton is given 
the maximum degree of nitration, the product is gun-cotton, which contains over 
12.5 percent of nitrogen. This is not soluble in the ordinary lacquer solvents. 
The pyroxylin used in making lacquers is a rather indefinite series of cellulose 
nitrates containing from 11.0 to 12.5 percent of nitrogen. After the cotton has 
been treated with the mixed acids, it is centrifuged to remove the bulk of the acid, 
after which it is washed in boiling water, then pulped, and the adhering water 
is finally displaced by alcohol. Since it is dangerous to transport dry pyroxylin, 
it is usually sold and shipped mixed with about 30 percent by weight of alcohol. 
Pyroxylins are g'raded according to the viscosity of their solutions made up under 
fixed conditions. The viscosity is usually recorded as the number of seconds 
required for a standard ball to fall through a definite column of the solution. 
Pyroxylins are referred to as ‘'half-second cotton,'' “60-second cotton," etc., accord- 
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ing to the viscosity as measured by the falling-ball method. Pyroxylin has a specific 
gravity of about 1.6. It is practically insoluble in hot or cold water, naphtha, or 
carbon tetrachloride; it gelatinizes, but does not dissolve readily in alcohol. Acids 
have but little effect upon it, while alkalies and alkali sulfides attack it vigorously. 
Sunlight causes deterioration of pyroxylin, but this is overcome to a large extent in 
practical use by the incorporation of opaque pigments which absorb the harmful 
ultraviolet rays and permit the lacquered surfaces to withstand the action of sun- 
light for years. 

Commercial lacquers usually consist of pyroxylins dissolved in pyroxylin sol- 
ventSj such as amyl acetate or butyl acetate, to which may be added cheaper 
diluents, such as benzene or toluene; plasticizers, such as castor oil or dibutyl 
phthalate ; gums and resins, such as ester gum or shellac ; anti-blushing materials, 
such as butanol or diacetone alcohol; and pigments and dyes. After a coat of 
lacquer has been applied to a leather surface, the solvents and diluents begin to 
evaporate and the Mm gradually sets to a jelly. If this jelly film is clear at the 
time of setting, it will finally dry out with a high luster. However, if any of the 
lacquer ingredients precipitate before the film has set to a jelly, the dried film will 
become cloudy, a condition known as blushing. Water absorbed from the atmos- 
phere on a damp day may cause precipitation and blushing. Anti-blushing materials 
are simply materials which prevent such blushing when added to the lacquer. Plas- 
ticizers are simply materials which keep the pyroxylin film from becoming too hard 
after the solvents have evaporated. 

Lacquers have been used as finishes for leather with very beautiful effects, and 
to some extent have replaced linseed-oil varnishes in the final coating of patent 
leathers. Among the chief difficulties encountered with lacquers for finishing 
leathers have been lack of adhesion to the leather, with consequent peeling, and the 
absorption of the plasticizers by the leather, leaving the film very hard and causing 
a coarse break in the leather. 

One of the most successful uses of lacquers on shoe leathers has been as a top 
finish, where only an exceedingly thin coat is applied after the regular finishing. 
Such lacquers, when prepared properly, permit the leather to be glazed with very 
satisfactory results. One of the formulas developed in the writer’s laboratories is as 
follows : 

Finish No. 16 (glazing lacquer finish) : Dissolve 841- lbs. of pyroxylin (15- 
second cotton mixed with 30 percent weight of alcohol) in 6H lbs. of amyl acetate 
and add in succession, while stirring, 10 lbs. of castor oil, 29\ lbs. of ethyl acetate, 
311 lbs. of butanol, 84*i lbs. of toluene and 521 lbs. of alcohol denatured by Govern- 
ment formula No. 23 A. This makes a lot of approximately 50 gals. This is applied 
with a spray gun to the dry leather after all other finish has been added. It is 
thoroughly dried and the leather is then glazed and staked. 

To this finish, it is possible to add Paispearl to get beautiful pearly effects, 
aluminum powders to get metallic effects, and lacquer- soluble dyes with either pearl 
or aluminum. 

Many of the early difficulties with lacquers as leather finishes have been over- 
come by the development of improved plasticizers and by the use of synthetic 
resins. Since the firm of Rohm & Haas Co., of Philadelphia, has been a pioneer 
in the development of both lacquer and synthetic-resin finishes for leather, the 
writer has asked Mr. H, B. Walker of this company to provide a brief resume 
of the developments of the past decade, which is reproduced below: 

'‘From the point of view of gallonage consumption, the water pigment finish — 
made essentially from protein materials, natural resins, gums, and waxes, com- 
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billed with dispersed pigments and dissolved dyestuffs — still holds first place in the 
leather industry. The greatest single factor responsible for this is undoubtedly the 
low cost of these materials, but in addition, they have a number of desirable tech- 
nical features, chief among which is the ability to be glazed with ease and to pre- 
serve the characteristics of the tanned skin without alteration. 

'‘The only change in this type of finish, from the technical or development stand- 
point, during the past decade, has been the use of water dispersions of synthetic 
resins, chiefly the acrylic ester polymers, which are described below, as binding and 
film-forming materials in addition to those customarily employed. These materials 
confer the advantages of increased leveling, filling, adhesion, and flexibility, in 
addition to improving the permanence of the flexibility. The amounts of these 
materials used as additions to the customary protein and other binders vary greatly 
with the leather, and are generally determined by the limit of workability or the 
limit of cost. 

"The type of finish other than the water pigment finish which is most exten- 
sively used in the leather industry is, of course, the lacquer finish. The origin of 
lacquer goes quite far back, the earliest patent on a composition suitable for coating 
leather, of which I know, being a British patent issued in 1855. 

"A fair amount of work was done with these lacquer finishes, or dopes as they 
were called, on upholstery leathers and in making splits of one kind or another. 
The real impetus to the development of lacquer finishes, however, came in the 
post-war years and as the result of a purely war-time development. Prior to 
World War No. 1, solvents suitable for use in commercial lacquers were relatively 
scarce and expensive. The war demand for acetone produced the acetone fer- 
mentation process, of which butanol was a large by-product. This butanol, com- 
bined with acetic acid, yielded butyl acetate at a cost previously unrealizable and 
made practical lacquers commercially feasible. This in turn brought on the 
development of the low-viscosity type of nitrocellulose which gave a tremendous 
fillip to the then adolescent lacquer industry, by making possible the production 
of lacquers which could be used for wood and metal coatings. This again intensified 
the development work on new and improved solvent materials, so that shortly 
there became available to the lacquer manufacturer a wide range of materials at 
prices which made their utilization economically feasible. 

"In the midst of all this rapid development of lacquers in general, the idea of 
using lacquer finishes on leather, where the water-proofing qualities in particular 
looked especially attractive, evolved naturally, and the lacquer finish for the leather 
industry, as distinct from the nitrocellulose dope of the early dope split years, came 
into being. It is interesting to note that, on account of the circumstances sur- 
rounding the historical development of the water pigment finish, in Europe and 
most other parts of the world, the lacquer finish preceded the development of the 
water pigment finish, whereas in America the reverse sequence occurred, and the 
lacquer finish followed the pigment finish. 

"The early efforts to develop lacquer finishes suitable for leather borrowed the 
ideas and techniques of the then young lacquer industry as a whole, which was 
directed mainly toward wood and metal finishes. The first results were disappoint- 
ing, and we came very quickly to the realization that an entirely new approach 
would have to be tried. The first stumbling block was the question of flexibility, 
and the second the question of retaining what flexibility we did have. It came 
to be realized very early that the word flexibility from the standpoint of wood and 
metal finishing, and from that of leather finishing, has two entirely different mean- 
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ings; what is flexible in the metal lacquer is anything but flexible in the leather 
lacquer. 

is advisable in this connection, to examine what we mean by ^flexibility/ 
Usually the word simply means ^ease of being benf ; but, as commonly used in its 
application to a thing like a leather finish, it has a much wider meaning. What is 
really required in the finishing material applied to most kinds of leather is the 
ability to stretch without breaking, and to withstand repeated stretching without 
breaking. I think this distinction is important, because there are many things 
which, while in themselves flexible, would be entirely unsuitable for use as a 
coating on a piece of leather. A sheet of paper, for example, is flexible in the 
usual sense of the word, yet a finish producing a film with the properties of a piece 
of paper would be, of course, quite worthless as a leather finish. 

^^The greatest difficulty, however, was that we could not even hold on to the 
little bit of flexibility we did have. At that time, the only plasticizers that were 
known were relatively mobile materials of a more or less oily nature. Everyone 
who has worked with leather knows the terrific appetite that leather fibers, par- 
ticularly vegetable-tanned leather fibers, have for any oily material. ^ Early plas- 
ticizers for lacquer finishes proved to be no exception, and were quickly robbed 
from the finishes by the leather itself, so that, while passable at the time of applica- 
tion, they lost flexibility very rapidly. 

'‘Another great early difficulty was lack of adhesion. Nitrocellulose itself does 
not possess very much of what I may, for lack of a better term, call specific 
adhesion ; in most cases, the greater the amount of plasticizer used to get flexibility, 
the less the adhesion becomes. This is of course a most unfortunate state of affairs, 
but one hard to remedy. The adhesion difficulty was pai'ticularly in evidence on 
chrome leather. As most shoe leather is chrome leather, the lack of adhesion was 
right on the spot where it would show up most and cause the most trouble. 

“This brief history gives a general idea of the status of the lacquer finish in the 
early stages of its development, say some twelve or fifteen years ago. The finishes 
had rather poor flexibility, in the special sense in which I have defined flexibility, 
the flexibility did not last, and the finishes did not stick to the leather, except on 
occasions which could never be predicted. 

“I need not dwell in detail on the intervening period during which the lacquer 
finishes, and their very youthful first cousins, the synthetic-resin finishes, have been 
developed to the point where they are practical, usable, materials, free from most 
of the drawbacks of their predecessors. Most of the progress has been accomplished 
through the medium of research, to use a word that has recently been very much 
abused. This research turned up plasticizers which were effective in imparting 
a high degree of permanent flexibility, and the development of synthetic resins 
largely overcame the adhesion difficulty, in addition to taking care of some other 
troublesome points. 

“Lacquer finishes today are plasticized mainly with flexible synthetic resins, 
either alone or in combination with ‘solvent' plasticizers. They are generally 
marketed in the form of clear solutions, containing both nitrocellulose and plasti- 
cizer, in properly balanced solvent mixtures, plus suitable colors and thinners. 

“The binders and colors are mixed in the proportions found by experience to be 
most suitable for the leather being finished, and are then thinned with the appro- 
priate thinner. Application is mainly by spray, although hand swabbing may be 
used for the first coat, and the number of coats may vary from one to five or six, 
depending entirely on the type of leather and the effects desired. 

“In addition to the cellulose derivative most used in lacquer finishes, namely 
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nitrocellulose (or, more accurately, cellulose nitrate) other cellulose derivatives are 
used. Of these may be mentioned the acetate, which is actually employed in fair 
amounts for special applications, the acetopropionate and the acetobutyrate. The 
last two are relative newcomers to the field and so far have found no particular 
application, but their use may develop. 

“The cellulose ethers have been proposed for use and have met with little 
acceptance. This is not because they do not possess desirable properties, but 
because they also possess concomitant drawbacks which more than offset their 
advantages. It has to be emphasized that it is not so much any single property 
of a material which determines its use as a desirable combination of properties. 

“Chlorinated rubber has been proposed as a leather finishing material, and 
plastics such as that made from polyvinyl chloride also have a limited application. 

“Although lacquer finishes, by themselves, made considerable progress in the 
industry, and are still used alone in some cases, most finishes today are com- 
binations of lacquers and acrylic resins, the resins being used as priming coats 
for the lacquer. A few kinds of leather are still finished with lacquers only, but 
they are of minor importance. 

“The acrylic ester polymers are, of course, not new. Many efforts have been 
made, over a period stretching back twenty years or more, to utilize solutions of 
such polymers in organic solvents as leather coating compositions. 

“The resins of this type possess high specific adhesion, and high flexibility 
which is inherent in the material and not imparted to it by the addition of mobile 
plasticizers. Polymers of the vinyl esters give similar products which have, how- 
ever, been found to be less suited to the particular requirements of leather coating. 

“The great drawback of the acrylic ester polymers is their very thermoplastic 
nature. This is a characteristic of this type of polymer, and much effort has been 
expended to overcome or minimize it. Some success has been attained, but not 
by any means as much as is desirable. More research is required here. 

“In spite of their high inherent flexibility, these materials met with no par- 
ticular success until a process was evolved for preparing them in the form of water 
dispersions. Such water dispersions have unique properties which happen to be 
particularly adaptable to the problems involved in leather finishing. Some of the 
properties arise from the nature of the resins themselves, and others from the 
fact that they are in the form of water dispersions. 

“The question of the behavior of water dispersions in such applications is suf- 
ficiently important to merit some consideration. The most familiar substance of 
this type is, of course, rubber latex, which is a naturally occurring water dispersion 
of a plastic material. The advantages and disadvantages of rubber latex as a com- 
ponent of water finishes are well-known and need not be discussed here. 

“One of the biggest problems of leather finishing, if not the biggest, is to finish 
imperfect leather. It has been often emphasized to me that anyone can finish good 
leather; the trick is to finish poor leather and make it look good. Natural imper- 
fections in and damages to hides and skins are almost universal, and the total 
amount of perfect stock available for leather-making purposes is negligible from 
the tanners^ point of view. This brings up the big point in any leather finishing 
process, that the principal need is to cover, or at least minimize, grain and other 
defects. Thanks to what we like to call the perversity of nature, it happens that 
most leather finishing processes seem to emphasize rather than minimize the 
irregularities that occur, and it is here that the water dispersions score. Because 
of the fact that they dry by coagulation rather than by evaporation, they possess 
the very excellent property of filling up low spots without building up on the good 
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spots, so effecting a general leveling which is most desirable. This is something 
for which the chemist can take no credit at all. It is simply a property of these 
materials of which advantage has been taken, and was not put there by design 
on the part of anyone. 

‘‘The idea of using water dispersions or emulsions has been tried in other 
directions. One of the rather obvious things to do is to emulsify lacquer, and much 
work has been done along this line, the earliest patents going back many years. 
Emulsified lacquers have been used to some extent for coating purposes in the 
leather industry, but these also suffer from very definite drawbacks which have not, 
to date, been entirely overcome.^' 

Miscellaneous Materials 

In addition to the materials described above for all kinds of finishes, many more 
are used, of which the more important will be mentioned. All kinds of sulfonated 
oils are employed, both directly and as dispersing agents for pigments. Various 
soaps are used, both directly and as emulsifying agents for waxes and for anti- 
septics. Alcohol, fusel oil and aniline are sometimes used as solvents and as 
antiseptics. 

Diethylene glycol is used as a plasticizer in all kinds of water finishes to pre- 
vent the dried coat of finish from becoming too hard or brittle. Glycerin is also 
employed for this purpose. 

Perfumes, such as birch oil, civet, musk, styrax, benzoin, patchouly and sandal- 
wood oil, find a use in finishes for special purposes where odor is an asset. Birch 
oil is applied to Russia calf leather to give it the birch-tar odor characteristic of 
the original Russia calf leather which was tanned in Russia with birch bark. Birch 
oil is obtained by dry distillation of the bark and wood of the Befula alba and fur- 
ther rectification by steam distillation. It is a limpid, dark brown, poisonous liquid 
with a penetrating odor. It has a specific gravity of 0.886 to 0.950. It is very 
slightly soluble in water, but is freely soluble in naphtha, benzene, chloroform, ether 
and alcohol. 

Finishing Miscellaneous Leathers 

The procedures given for finishing both chrome-tanned and vegetable-tanned 
calf leathers were for full-grain leathers. When leathers are buffed deeply, they 
not only absorb more of the finishing materials, but they require more to fill up the 
voids between the cut fibrils of the grain surface. For side leathers, they I'equire 
very much more pigment to hide irregularities ; and more binders must also be used 
to carry the pigment, or it will not adhere to the leather. The rules given for 
finishing chrome-tanned calf leathers can be applied to buffed side leathers, but the 
quantities used must be increased, particularly on the bottom coat, and it may be 
found desirable to add rubber latex or water-dispersed acrylic resins to the bottom 
coat containing the pigment. 

In describing the finishing of leather, once it becomes necessary to depart from 
a standard leather, such as a No. 1 quality, full-grain calfskin, much must be left 
to the judgment of the finishing-room foreman, who must have skill, experience and 
good judgment in determining what changes may be required to get the best results 
on stock of varying characteristics. Certainly no rigid procedure can be laid down 
that will give the best possible results on every class and grade of stock. All that 
we can hope to do in this chapter is to illustrate general principles that will assist 
a finisher to arrive at the best procedure for any kind of stock with as little delay 
nossible. For a skilled finisher, this is not nearly so difficult as it might seem 
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from this description. After a finisher has been given desifrijitions of the avaiTable' 
materials and their uses under definite conditions, he can, ’ivith .sufficient experience, 
apply them under almost any conditions. The balance ^ This^ chapter will he- 
devoted to giving general formulas for finishing many diffemit kftiiliiDfi kathisr 
many involving the use of commercial finishes of secret composifTbn,- These wilt 
be far from complete, but it is believed that they will be very helpful to finishers 
in arriving at satisfactory procedures for finishing the various leathers that must 
pass through their hands. In the selection of these procedures, the writer acknowl- 
edges the kind assistance of Rohm & Haas Co. of Philadelphia, C. L. Hauthaway 
& Sons of Lynn, Mass., K. J. Quinn & Co. of East Boston, Mass., Apex Chemical 
Co. of New York, and Kepec Chemical Corp. of Milwaukee. 



Courtesy The Ohio Leather Co. 

Fig. 387. White-leather Department of Calfskin Tannery. 

White Leathers 

For full-grain white leathers, an excellent white finish can be made from max- 
white paste ^ the manufacture of which is described in Chapter 15 under the heading 
'' F atliquoring White Leathers^ 

Finish No. 17 (white) : Mix 71 gals, of Finish No. 1, 2 gals, of Finish No. 3, 
77 fi. oz. of diethylene glycol and 4 fl. oz. of sulfonated linseed oil. Mix intimately 
with this 118 lbs. of maxwhite paste. 

Finish No. 18 (white bottom coat): To make 1 gallon: To 1 lb. of Finish 
No. 17, add 12 fl. oz. of Finish No. 1, 20 fl. oz. of Finish No. la, 2 fl. oz. of Finish 
No. 3 and water to make 1 gallon. Mix well and strain through cheese-cloth for 
use. 

Apply to the grain side of the white leather 4 light coats of Finish No. 18, dry- 
ing after each coat. After drying after the fourth coat, roll twice around, brush 
twice around and stake. Then dry very thoroughly and apply a very light coat of 
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Finish No. 16 with a spray gtin, and the leather is completely finished. If the effect 
is preferred, add a small amount of white pigment to Finish No. 16 before applying. 

It is so very important to keep white leathers clean during the finishing oper- 
ations that they should be kept in a room or department by themselves. Fig. 387 
shows the white-leather department of a large chrome-calf tannery. 

White Elk Side Leather 

Finish No. IP (R5hm & Haas) : Mix 75 parts of Primal F-31, 25 parts of 
Primal F-32, 50 parts of Primal White and 75 parts of water. 

Finish No. 20 (Rohm & Haas) : Mix 10 parts of Orthochrom Intensive White, 

24 parts of Binder 114-2, 2 parts of Binder 114-1 and 50 parts of Thinner 395. 
Finish No. 21 (Rohm & Haas) : Mix 70 parts of Orthoclear Top Finish D, 10 

parts of Etonal White D, 50 parts of Dull Finish D and 200 parts of Thinner D. 

If two coats of the same finish are applied, the second is given with strokes 
at right angles to the strokes of the first coat. Swab onto the leather two coats of 
Finish No. 19 and dry. Then spray on two coats of Finish No, 20 and dry. Smooth 
plate at 150° F. and board three ways. Then spray on one coat of Finish No. 21, 
dry and the finishing is completed. 

White Sheep Pouch Bag Leather 

Finish No. 22 (Rohm & Haas) : Mix 50 parts of Primal F-31, 50 parts of 
Primal F-32, 150 parts of Primal White and 200 parts of water. 

Finish No. 23 (Rohm & Haas) : Mix 10 parts of Orthochrom Intensive White, 

25 parts of Binder 114-2, 5 parts of Dull Finish No. IS and 30 parts of Thinner 325. 
Spray on two coats of P'inish No. 22 and dry. Then spray on two coats of 

Finish No. 23. If the leather is to be embossed, spray on one more coat of Finish 
No. 23 after embossing. 

This makes also an excellent method for finishing zvhite basketball leather. 

Glazed Kid Leather 

Finish No. 24 (Hauthaway) : Mix 4 parts of Kidco, 2 parts of No. T1281 
Binder and Top Coat, 2 parts of No. T2S1 and 2 parts of water. 

Apply 1 coat of Finish No. 24 by hand, dry, glaze and stake. Apply a second 
coat by hand, dry, glaze and stake. Spray on a third coat, dry, glaze and stake. 
Then apply a top coat made by mixing 1 part of egg albumin or blood albumin 
with 1 part of milk and water as needed to get the best results. Dry, glaze and 
stake. 

Fig. 388 shows a group of operators finishing goatskins by hand and Fig. 389 
shows hand grainers boarding finished goatskins. 

Lining Kid Leather 

Finish No. 25 (Rohm & Haas) : Mix 100 parts of Primal F-32, 100 parts of 
Primal Color and 200 parts of water. 

Finish No. 26 (Rohm & Haas) : Mix 2 parts of Glazing Finish G-1, 1 part of 
Glazing Finish GS, 1 part of Orthochrom Intensive Gloss White and 64 parts of 
Thinner 345. 

Swab on two coats of Finish No. 25, dry and smooth plate. Then spray on one 
coat of Finish No. 26, glaze, stake and iron. 

Crushed Kid Leather 

Finish No. 27 (Rohm & Haas) : Mix 10 parts of Primal F-32, 10 parts of 
Primal F-31 and IS parts of water. 




Courtesy Allied Kid Co. 

Boarding, or Hand Graining, Chrome-tanned Goatskins. 
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Finish No. 28 (Rohm & Haas) : Mix 1 part of Orthochrom Intensive Color, 

5 parts of Binder 114-2, 3 parts of Glazing Finish G-1, 2 parts of Dull Finish No, 15 
and 20 parts of Thinner 325. 

Swab on two coats of Finish No. 27, dry and then spray the flesh side with 
water. Then board three ways and dry. Then spray with one coat of Finish No. 28, 
dry and board three ways again. Then rub up the tips. 

Sheepskin Garment Leather 

Finish No. 2P (Rohm & Haas) : Mix 6 parts of Primal F-32, 6 parts of Primal 
Color and 12 parts of water. 

Finish No. 30 (Rohm & Haas) : Mix 10 parts of Orthoclear Top Finish D, 
H parts of Intensive Colors and 20 parts of Thinner D. 

Finish No. 21 (Rohm & Haas) : Mix 16 parts of Orthochrom Intensive Colors, 
3 parts of Binder 811-1, 37 parts of Glazing Finish G-1, 20 parts of Dull Finish 
No. 137, 20 parts of Dull Finish No. 2 and 300 parts of Thinner 335-A. 

For the poorer grades of skins, swab on two coats of Finish No. 29, dry and 
spray on one coat of Finish No. 30. Then polish, iron and plate. 

For first-class skins, spray on two coats of Finish No. 31, dry, polish and iron. 

Sheep Lining Leather 

Finish No. 32 (Rohm & Haas) : Mix 75 parts of Primal F-31, 25 parts of 
Primal F-32, 100 parts of Primal Color and 200 parts of water. 

Finish No. 33 (Rohm &: Haas) : Mix 8 parts of Orthochrom Intensive Colors, 
8 parts of Binder 811-1, 100 parts of Glazing Finish G-1 and 150 parts of Thinner 
325. 

Spray on one heavy coat of Finish No. 32, dry and smooth plate cold. Then 
spray on one heavy coat of Finish No. 33, dry, glaze and plate. 

Hat Sweat-band Leather 

Finish No. 24 (Hauthaway) : Mix 1 part of Special Finish, 1 part of No. T1281 
Binder and Top Coat and 1 part of water. 

Finish No. 35 (Hauthaway) : Mix 5 parts of No. T1281 Binder and Top Coat, 
1 part of No. 7800 A Binder and Top Coat and 6 parts of water. 

Apply two coats of Finish No. 34 by hand, dry, stake and roll. Then apply one 
coat of Finish No. 35 and dry. 

Unglazed Wax Enamel Leather 

Finish No. 36 (Hauthaway) : Mix 4 parts of Wax Enamel, 2 parts of No. 
T1281 Binder and Top Coat, i part of No. 235 Dribritc Binder and Top Coat and 

6 parts of water. 

Finish No. 37 (Hauthaway) : Mix 4 parts of Wax Enamel, 6 parts of No. 
T1281 Binder and Top Coat, II parts of No. 235 Dribrite Binder and Top Coat and 
14 parts of water. 

Finish No. 38 (Hauthaway) : Mix 1 part of No. 235 Dribrite Binder and Top 
Coat, 6 parts of No. T1281 Binder and Top Coat and 7 parts of water. 

Apply one coat of Finish No. 36 and dry. Apply one coat of Finish No. 37, dry, 
stake and roll. Apply one coat of Finish No. 38 and dry. 

Colored Side Leather 

Finish No. 39 (Quinn) : Mix 24 oz. of RV Pigment, 12 oz. of Dye vSolution, 
12 oz. of water, 21 oz. of 100 Binder, 4 oz. of BG 9325 Binder and 1 oz. of aqua 
ammonia. 
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Finish No. 40 (Quinn) : Mix 10 oz. of RV Pigment, 5 oz. of BG 9325 Binder, 
20 oz. of water and i oz. of formaldehyde. 

Finish No. 41 (Quinn) : Mix 4 oz. of T 5478 Top Finish, 8 oz. of water, k oz. 
of RV Pigment, and -N oz. of formaldehyde. 

Finish No. 42 (Quinn) : Mix 7 oz. of T 5478 Top Finish, 10 oz. of water and 
iW oz. of formaldehyde. 

Apply one coat of Finish No. 39 and dry. Apply one coat of Finish No. 40, dry 
and plate at 170° F. Apply one coat of Finish No. 40, dry and plate at 160° F. 
Apply one coat of Finish No. 41 and dry. Apply one coat of Finish No. 42, dry 
and plate at 125° F. 

Gun-metal Side Leather 

Finish No. 43 (Hauthaway) : Mix 2 qts. of No. T 9561 Black Finish, 1 qt. of 

Nigrosine-J solution (1 lb. per gal.), 1 qt. of water and 2 oz. of rubber latex. 

Finish No. 44 (Hauthaway) : Mix 2 qts. of No. T 9561 Black Finish, 1 qt. of 

Nigrosine-J solution (1 lb. per gal.), 1 qt. of No. T 1281 Binder and Top Coat and 
1 qt. of water. 

Finish No. 45 (Hauthaway) ; Mix 2 qts. of No. T 9561 Black Finish, 1 qt. of 

Nigrosine-J solution (1 lb. per gal.), 2 qts. of No. T 1281 Binder and Top Coat 

and 2 qts. of water. 

Finish No. 46 (Hauthaway) : Mix 1 part of No. 150 Black Top Coat with 2 
parts of water. 

Apply one coat of Finish No. 43 and dry. Apply one coat of Finish No. 44 and 
dry. Apply one coat of Finish No. 45 and dry. Apply one coat of Finish No. 46, 
dry and plate. Apply one coat of Finish No. 46, dry and plate. 

Water-lacquered Leathers 

■Finish No. 47 (Kepec) : Mix 1 part of Emullo with 1 part of water. Emullo 
is a water emulsion of lacquer. 

Swab on one coat of Finish No. 47 and di*y. Then spray on one coat of 
Finish No. 47 and dry. If desired, apply one coat of a mixture of 1 part of Water- 
soluble Finish No. 91 and 2 parts of water. 

Elk Side Leather 

Finish No. 48 (Hauthaway) : Mix 4 qts. of Special Finish, 3 qts. of No. T 1281 
Binder and Top Coat, 1 qt. of No. T 1122 Binder and Top Coat, 4 qts. of water 
and 9 oz. of rubber latex. 

Finish No. 49 (Hauthaway) : Mix 4 qts. of Special Finish, 3 qts. of No. T 1281 
Binder and Top Coat, 1 qt. of No. T 1122 Binder and Top Coat and 4 qts. of water. 

Apply one coat of Finish No. 48 and dry. Apply one coat of Finish No. 49 and 
dry. If a brighter finish is desired add to these finishes some No. 235 Dribrite Top 
Coat and Binder. If a softer finish is desired, add some No. 7800 A Top Coat and 
Binder. 

Lining Splits 

Finish No'. 50 (Rohm & Haas) : Mix 100 parts of Primal A, 30 parts of Primal 
Color and 30 parts of water. 

Finish No. 51 (Rohm & Haas) : Mix 10 parts of Orthochrom Intensive Color, 
5 parts of Binder 114-1, 40 parts of Binder 114-2 and 75 parts of Thinner 325. 
Brush on two coats of Finish No. 50 and level off with plush swab. Roll while 
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still damp. Spray with one coat o£ Finish No. 51, dry and emboss at 180° F. If 
desired, spray on one coat of Finish No. 51 after embossing-. 

Horsehide Garment Leather 

Finish No. 52 (Rohm & Haas) : Mix 25 parts of Primal F~31, 25 parts of 
Primal F-32, 35 parts of Primal Color, 150 parts of water and i part of aqua 
ammonia. 

Finish No. 52 (Rohm & Haas) : Mix 10 parts of Orthoclear Top Finish D, 
i part of Orthochrom Intensive Colors, 2 parts of Dull Finish DS, and 30 parts of 
Thinner D. 

Swab on two coats of Finish No. 52, dry and stake. Spray on one coat of 
Finish No. 53, dry and plate lightly at 120° F. 

Case Leather 

Lacquer Method: Finish No. 54 (Rohm & Haas) : Mix 5 parts of Ortho- 
chrom Intensive Color, 20 parts of Binder 114-1, 10 parts of Binder 114-2 and 45 
parts of Thinner 325. 

Finish No. 55 (Rohm & Haas) : Mix 10 parts of Lustrone Colors, 10 parts 
of Glazing Finish GS, 20 parts of Glazing Finish G-1 and 70 parts of Thinner 325. 

Smooth plate and spray on Finish No. 54 until an even Color is obtained which 
hides stains. Then spray on two or three coats of Finish No. 55. 

Primal Method: Finish No. 56 (Rohm & Haas) : Mix 100 parts of Primal 
A, 50 parts of Primal Color and 150 parts of water. 

Finish No. 57 (Rohm & Plaas) : Mix 10 parts of Orthochrom Intensive Colors, 
30 parts of Binder 114-2 and 50 parts of Thinner 325. 

Finish No. 58 (Rohm & Haas) : Mix 15 parts of Lustrone Colors, 20 parts of 
Glazing Finish GS, 80 parts of Glazing Finish G-1 and 200 parts of Thinner 325. 

Swab on two coats of Finish No. 56 and roll while damp. Dry and spray on 
two coats of Finish No. 57, dry and smooth plate at 180° F. Spray on two coats 
of Finish No. 58. Smooth plate or glaze. 

The fatliquoring, dyeing and finishing of aniline bag and case leathers have' 
already been described in Chapter 15, p. 485‘. 

Black Vegetable-tanned Strap and Portfolio Leathers 

Finish No. 59 (Hauthaway) : Mix 1 part of No. 4020 Black Finish, 1 part of 
No. 4021 Binder and Top Coat, 1 part of Black Kafco, 1 part of flaxseed solution 
and 1 part of water. 

Finish No. 60 (Hauthaway) : Mix 2 parts of No. 4021 Binder and Top Coat, 
1 part of flaxseed solution and 3 parts of water. 

Apply one coat of Finish No. 59, dry, bi'ush and roll. Apply second coat of 
Finish No. 59, dry, brush and roll. Apply one coat of Finish No. 60, dry, brush 
and roll. 

Upholstery Leather (handbuff) 

Finish No. 61 (Rohm & Flaas) : Mix 18 parts of Primal Color, IS parts of 
Primal C, 4 parts of sulfonated castor oil, 2 parts of aqua ammonia, 100 parts of 
Primal F-31 and 45 parts of water. 

Finish No. 62 (Rohm & Haas) : Mix 10 parts of Orthochrom Intensive Colors, 

4 parts of Binder 114-1, 26 parts of Binder 114-2 and 40 parts of Thinner 325. 

Finish No. 63 (Rohm & Haas) : Mix 90 parts of Orthoclear Finish K, 10 parts 

of Dull Finish No. 15 and 150 parts of Thinner 325. 
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Swab on two coats of Finish No. 61 and dry. Spray on two coats of Finish 
No. 62, dry and emboss at 180° F. Board with grain side cut and then spray on two 
coats of Finish No. 63 and dry. 

Vegetable-tanned Football-helmet Leather 

Finish No. 64 (Rohm & Haas) : Mix 1 part of Binder 114-1 with 2 parts of 
Thinner 33.5-A. 

Finish N'o. 65 (Rohm & Haas) : Mix 2 parts of Binder 114-1, 1 part of Binder 
114-2 and 4 parts of Thinner 335-A. 

Finish No. 66 (Rohm & Haas) : Mix 1 part of Orthochrom Intensive Colors, 
5 parts of Binder 114-2 and 10 parts of Thinner 355. 

Swab on two coats of Finish No. 64, dry and smooth plate at 160° F. Spray 
on one coat of Finish No. 65, dry and spray on one coat of Finish No. 66. Emboss 
or smooth plate at 160° F. Then spray on one coat of Finish No. 66. 

Baseball Leather 

Finish No. 67 : Mix 9 fl. oz. of Finish No. 1, 5 fi. oz. of Finish No. 3, 3 fi. oz. 
of ox blood, 2 fl. oz. of diethylene glycol and 1 fl. oz. of a solution of 8 oz. sulfonated 
linseed oil per gal. 

Finish No. 68: Mix 2 fl. oz. of Finish No. 3, 9 fl. oz. of ox blood, 9 fl. oz. of 
fusel oil and 9 fl. oz. of glycerin. 

Finish No. 69: Mix 7 fl. oz. of Finish No. 3, 24 fl. oz. of ox blood, 3 fl. oz, of 
diethylene glycol and 6 fl. oz. of a solution containing 8 oz. of sulfonated linseed oil 
per gal. 

Swab on one coat of Finish No. 67, dry, glaze under high pressure, stake and 
iron. Swab on one coat of Finish No., 68 and dry. Swab on one coat of Finish 
No. 69, glaze under low pressure, stake and iron. 

Two-tone Basketball Leather 

Finish No. 70 (Rohm & Haas) : Mix 50 parts of Primal F-31, 50 parts of 
Primal F-32, 50 parts of Primal Color, and 100 parts of water. 

Finish No. 71 (Rohm & Haas) : Mix 10 parts of Orthochrom Intensive Colors, 
25 parts of Binder 114-2, 5 parts of Dull Plnish No. 15 and 50 parts of Thinner 
325. 

Finish No. 72: Mix 1 lb. of Finish No. 4x with 1 gal. of Finish No, 1. 

Select the colors of Finishes No. 70 and No. 71 so that they will impart the 
colors desired on the raised portions of the embossed leather. Select the colored 
pigments of Finish No. 72 so that they will impart the colored desired on the 
depressed portions of the embossed leather. 

Spray on two coats of Finish No. 70 and dry. Then spray on two coats of 
Finish No. 71 and dry. Then swab on enough of Finish No. 72 to cover the 
entire leather with its color and dry. Then emboss at 160° F. under heavy pres- 
sure. Then roll cheese-cloth into a ball and dampen it slightly with ammonia 
water, wringing out any excess, and wipe the casein-pigment finish off from the 
high spots in the leather to get the two-tone effect desired. When the desired 
appearance has been obtained, spray on one coat of Finish No. 71 made up without 
the addition of any color. 

Golf-grip Leather 

Finish No. 73 (tacky finish) : Mix by weight 100 parts of Blendoyl (The 
Pierce Oil Products iCorp., East Rochester, N. Y.), 50 parts of beeswax and 50 





Courtesy Allied Kid Co. 
Fig. 390. Leaf-laying Rooms Where Gold and Silver Leathers Are Made. 
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parts colophony (common rosin). Heat the mixture at 212° F. for 20 minutes and 
stir into it 300 parts of naphtha of 0.74 specific gravity. Heat a mixture of 90 
parts of light paraffin oil and 9 parts of aluminum stearate, mix until uniform and 
stir it into the above mixture. Continue to heat and stir until the mixture will not 
solidify upon cooling. 

Apply to grain and flesh in such quantities that it completely penetrates the 
leather. The mixture can be diluted with naphtha and the leather dipped in it for 
15 minutes, if preferred. After treating, hang the leather to dry until free from 
naphtha. 

Saddle Leather 

Saddle leathers, pigskins and any other fine vegetable-tanned leathers can be 
finished exactly as for vegetable-tanned calfskins with very satisfactory results. 
It is believed that enough has been given above to enable an experienced finisher, 
capable of making adjustments, to arrive at methods for finishing practically any 
kind of leather. Because of variations in many characteristics of leathers, a finisher 
must be able to make proper adjustments in very many cases. 

Gold and Silver Leathers 

Leathers finished with pure gold or aluminum are much in demand for formal 
wear and the writer is indebted to Dr. Henry Rose, of Allied Kid Co., for the 
following information concerning this interesting finishing operation. The gold 
leathers are coated with pure gold leaf, but the silver leathers are now coated with 
aluminum leaf. The gold leaf has a thickness of from 1/25,000 to 1/30,000 inch 
and is pure 23-carat gold. Just a little silver or copper in the gold changes its 
color. The aluminum leaf is only 1/50,000 inch in thickness and consists of 99.4 
percent pure aluminum. Impurities in the aluminum tend to make it brittle. 

After proper retanning, the skins are glued onto boards. This retanning 
varies according to the skins and almost any kind of skin could be properly pre- 
pared for gold and silver. Fig. 390 shows a part of the leaf-laying rooms, and 
Fig. 391 shows the leaves ready to be applied. 

After the skin has dried on the board, a glue, consisting of potato starch, 
alone or mixed with gelatin, is rubbed into the skin. Two or more coats may be 
applied, drying after each coat. Finally, a solution of from 10 to 20 grams of 
gelatin per gallon is applied by means of a camel-hair brush. The leaves are 
picked up with a screen frame and gently placed on the wet surface of leather. 
After drying over night, the leaves should adhere tightly to the skin. A few 
years ago. Dr. Rose received a patent on a frame for picking up leaves. Fig. 392 
shows the transfer of the leaves from the screen to the skin. By touching the 
screen lightly with the fingers, the leaves are released from the screen and pass 
onto the skin. After drying, the aluminum overlaps are merely wiped off, but 
the gold overlaps are removed with a vacuum cleaner to save the gold. After the 
skin is thoroughly dried and the adhesion of the metal leaves is satisfactory, the 
silver skins are plated, but the gold skins are glazed. Fig. 393 shows the glazing 
operation on gold-coated leather. 

Patent Leathers 

The name patent as applied to patent leathers is a misnomer, because the 
process of making patent leather is not patented, but evolved through the years. 
It is a name applied to leathers finished with linseed-oil varnish. The leather 
is sometimes called either japanned leather or enameled leather. It is usually 
chrome tanned. 
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If the leather contains greases that might interfere with the varnish, it is 
usually degreased with naphtha before varnishing. The leather is buffed only 
if necessary to remove grain defects. Usually three coats of varnish are applied, 
which differ in composition. 

The First Coat. In one process, the first coat, or daub, is made by pouring 
50 gals, of linseed oil into a lOO-gal. cast-iron kettle, with a rounded bottom and 
diameter of about 4 ft., and adding about 50 oz. of raw umber as a drier. The 
mixture is heated at such a rate that its temperature rises to about 560° F. in the 
course of two hours. This temperature is maintained and the mixture is ladled 
continuously. The ladle is a small copper bucket attached to an iron handle 
about 8 ft. long. 



Courtesy Allied Kid Co. 

Fig, 393. Glazing Leather Coated with Pure Gold. 


After several hours the oil dripping from the ladle when inverted forms large 
leaves, whose character indicates the consistency of the daub. The ladle is 
finally replaced by a fork having a bar extending over the points of the prongs to 
hold them rigidly in place. There are 5 prongs about 12 inches long and spaced 
about 2 inches apart. The kettle is removed from the flame and spuddled’’ with 
the fork until the daub breaks and lies on the fork, which usually occurs when the 
temperature has dropped to about 489° F. The outside of the kettle is then 
sprayed with water until the temperature has dropped to about 409° F. Then 75 
gals, of naphtha is added, with continuous puddling, and the mixture is allowed 
to cool, after which it is stored in covered tanks until used. Aging is neither 
necessary nor desirable. 

The practical men of the trade generally regard their methods for boiling 
the oil as trade secrets, which they guard jealously. The real secret consists in 
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the ability to recognize when the oil has been boiled long enough to permit adding 
the naphtha. Normal variations in raw linseed oil make it impossible to set the 
time, temperature, and mechanical stirring definitely. Each batch of oil requires 
variations in these factors to take care of variations in composition of the oil. 
The master japanner knows when to stop the boiling by observing the changing 
consistency of the oil, the way it drips from the ladle, the way it strings when 
squeezed between the palms of the hands and then drawn out, and the way it feels 
when rubbed between fingers and thumb. Some japanner s wisely keep on hand 



Fig. 394. Vertical Section of Patent Side Leather. 

Location: butt. 

Thickness of section; 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 

for comparison samples of other batches that have proved satisfactory on leather. 
The chemist has now introduced viscosity measurements in order to follow the 
progress of the boiling of the oil, but the end-point is still determined, in most 
tanneries, by the observations of the master japanner. 

Before the daub is applied to leather, it is thinned further with naphtha and 
coloring matter is added. Where pigments are added, the mixture is ground in a 
mill, frequently a ball mill, in order to get as intimate and fine a mixture as 
possible. The most common finishes are black and may be made by using carbon 
black and Prussian blue. These can be incorporated satisfactorily by heating to 
about 149° F. and stirring. 
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The skins to be finished are placed in open toggle frames. The toggles are 
small spring clamps to which long cords are attached. The jaws of the toggle grip 
the leather firmly. The toggles are placed along the perimeter of the skin, a few 
inches apart. The strings are then drawn tightly and caught in cleats nailed onto 
the frames. The skin is drawn out so that it lies fiat and tight like the skin on a 
drum. 

The daub, having the consistency of a soft putty, is smeared over the grain 
surface of the leather and rubbed out smooth with a dull, steel blade, called a 



Fig. 395. Vertical Section of Patent Kid Leather. 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 

slicker. The daub can be thinned out further with naphtha and applied with a 
sponge and then rubbed into the leather with the palms of the hands. The amount 
of material applied is such as to give a dried coat about 0.0025 inch thick. The 
frames are packed together in an upright position on trucks and wheeled into 
a drying chamber where the temperature is kept at about 104° F. Next day 
the skins are ready to receive the second coat. 

The Second Coat. The second coat is usually called the brush coat. It is 
made by pouring SO gals, of linseed oil into the iron kettle and adding from 50 to 
150 oz. of raw umber and 6 to 36 oz. of litharge (lead oxide), according to tests 
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Fig, 396. Vertical Section of Patent Colt Leather. 

Location : shoulder. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 

on the raw oil. In the course of two hours, the temperature of the mixture is 
raised gradually to about 560° F. and it is maintained there for from 3 to 4 hours, 
during which time the oil is ladled continuously. When strings up to 2 inches 
in length form on the lip of the inverted ladle, tieating is stopped, but the ladling 
is continued vigorously until leaves, which break more or less sharply, form on the 
inverted ladle. When this occurs, the temperature has usually dropped to about 
356° F. Then 50 gals, of naphtha is added and the mixture is cooled and placed 
in storage tanks until used. 

This material is thinned with naphtha to a good flowing consistency and 
applied to the dried first coat with a camel-hair Ijrush al)out 8 inches wide. The 
frames containing the leather with brush coat applied are then kept in drying ovens 
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at from 131° to 140° F. for from 16 to 24 hours. The dried second coat also has 
an average thickness of about 0.0025 inch. 

The Third Coat. The third coat is usually called the varnish coat. It is 
made by pouring 50 gals, of linseed oil into the iron kettle and adding 200 oz. of 
Prussian blue and 4 to 10 oz. of litharge. In the course of two hours, the tem- 
perature is gradually raised to about 532° F. and it is maintained there for about 
three hours, during which time the oil is ladled continuously. Samples are with- 
drawn at intervals and examined by working them between the fingers; com- 
parisons are made with previous samples known to be satisfactory. When the 

011 has been boiled long enough, the heating is stopped and it is cooled and thinned 
with 37i gals, of naphtha. It is then placed in storage tanks and kept at least 
three weeks before using to allow it to clear. 

Before applying the varnish coat, the leather is carefully inspected for dust 
particles or lumps on its surface. If necessary, the surface is smoothed by rubbing 
with a pumice stone, as is done with any other surface to smooth it to receive a 
fine varnish coat. The varnish is applied by highly skilled workmen, who give 
it a smooth and even surface. The frames containing the leather are then rolled 
back into the ovens and kept at a temperature of from 140 to 150° F. for from 

12 to 16 hours. The dried top coat may have an average thickness of about 
0.005 inch, or about the thicknesses of both first and second coats combined. 

Sunning. After this last drying, the finished surface of the leather still 
feels sticky, but this is overcome by subjecting the varnished surface to the action 
of sunlight. The ultraviolet rays of the sun produce certain chemical changes 
in the varnish that eliminate stickiness. It was a common sight around patent- 
leather tanneries to see hundreds of frames of patent leather in the yard exposed 
to sunlight. In bright sunlight about 5 hours is sufficient to bring about the 
desired effect. Many tanners now use ultraviolet lamps to get the same effect. 
After sunning, the leather is ready for delivery. 

Lacquering. Some tanners shorten the process by the use of lacquers 
over the daub coat or over the second coat, but many still prefer the pure linseed- 
oil varnishes. 

Photomicrographs. Fig. 394 shows a cross-section of patent cow side 
leather in which the three coats of varnish can be seen very distinctly. Fig. 395 
shows a cross-section of patent leather made from goatskins, and Fig. 396 shows 
one of the popular patent horsehide. All three are chrome tanned. 
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Chapter 18 

Sole and Heavy Leathers 

The making of vegetable-tanned sole leather will now be described for the 
operations which follow those described in Chapter 11. The leather coming from 
the layers or from the tanning drums is fully tanned, but requires a number of 
subsequent operations before it becomes commercial sole leather. Because these 
operations differ so greatly from those for vegetable-tanned light leathers, it was 
considered desirable to give separate descriptions of them to avoid confusion. 

Cropping 

If the leather coming either from the layer vats or the tanning drums has 
not already been cut into sides, this is done first. Then each side is cropped ; that 
is, the belly is cut off. Fig. 397 shows the divisions into which a side of sole 
leather may be cut by the tanner. The side is exactly one-half of the whole hide 



Fig. 397. Divisions into Which a Side of Sole Leather is Cut. 

Crop consists of bend, headless shoulder and head. 

Back consists of bend and headless shoulder. 


cut along the line of the backbone. The belly is usually cut off, from the layers, 
so that its weight is approximately 23 percent of that of the side. What is left, 
after the belly has been cut off, is called a crop. At some later stage in the process, 
the tanner may find it convenient to cut the crop into shoulder and tend. The 
shoulder may be cut further into head and headless shoulder. Only the approxi- 
mate relative dimensions of these parts can be shown, because hides vary in the 
relative values of their parts and a tanner specializing in the highest grade of bends 
may cut his bends to a smaller relative area. Sometimes shoulders are cut with 
the heads left on. In very few cases, a tanner may cut the whole hide into two 
bellies, one double bend and one double shoulder. As the bend contains the 
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choicest leather and the belly the poorest, it is frequently advisable to carry on the 
operations from the layers with the various parts separated. Most tanners 
simply divide into bellies and crops at this stage. The bellies do not have a 
sufficient value to warrant all the operations to which the crops are subjected. 
Some tanners also cut off the heads at this stage. A crop with head removed is 
called a hack. 

After cropping, the crops are soaked for about 30 min. in a liquor of about 
10° barkometer at 100° F. This leaches some of the stronger liquor from the 
outer layers of the crops before they are wrung. This rinse liquor is used for 
successive lots until its barkometer reading is raised to about 15°. Then enough 
of it is run to the leach house so that the remaining liquor made up with water 
has a barkometer reading again of 10°. Bellies are usually left in the rinse 
liquor over night. After rinsing, crops, backs and bends are usually extracted. 
Bellies are not usually extracted. 



Courtesy Endicott-J ohnson Corp. 

Fig. 398. Loading Sole-leather Crops into Extract Drum. 


Extracting 

Before extracting, the stock is put through a Quirin wringer to reduce its 
water content; it is then put into a drum 9 ft. in diameter by about 8 ft. wide and 
running at about 18 r.p.m. An average pack is the equivalent in weight of about 
80 crops. The composition of the extract liquor varies in different tanneries, 
but may consist of a liquor of about 25° Baume containing one third of cutch 
and two-thirds of quebracho on tannin basis, or about 38 percent tannin, bisulfited 
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together. It is really a highly concentrated liquid extract; in fact, it is made as 
strong as possible in liquid form. To it is added about 2 percent of its weight 
of sulfonated cod oil. For each 100 lbs. of wrung weight of stock in the drum, 
about 15 lbs. of this mixture is taken and heated to 150° F. The drum is 
started running and the mixture is run onto the stock through the hollow gudgeon 
of the drum. After about 90 min., the extract is almost completely absorbed, and 
the stock is then hauled out. Because of variations in water content of the 
wrung stock, precise quantities per unit weight cannot be given, but for the 
conditions obtaining in any one tannery, it is easy to work out a set of rules 
as determined by the results obtained. 

Fig. 398 shows a workman loading sole-leather crops into an extract drum 
from the floor above and Fig. 399 shows the pack being dumped after extracting 
and being piled on a truck on the floor below. 



Courtesy Jindicott- Johnson Corp. 

Fig. 399. Piling Sole-leather Crops after Extracting. 


Tempering 

The object of extracting is to increase the load held by the leather and to 
increase the ultimate yield of finished leather. To do this quickly, very concen- 
trated extracts are used. As it is not desirable to have the leather go forward 
containing too much uncombined tannin, the latter is reduced somewhat by the 
operation of tempering. There are enough tempering vats to take care of a week's 
production of crops. Each tempering vat is about 9 ft. by 9 ft. by about 6 ft. deep 
and contains tan liquor of about 45° barkometer reading. About 300 crops from 
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the extract drum are put into each vat and allowed to remain there for a week. 
During this time, some extract is leached out of the leather and the barkometer 
reading rises from about 45° to 50°. The crops are then taken out and enough 
liquor is run to the leach house so that the remaining liquor, when made up to 
volume with water, has a barkometer reading of 45°. The crops are then rinsed 
again for 30 min. in liquor of about 10° barkometer, exactly as before extracting, 
and they are then ready for bleaching. 

Bellies are not extracted and so are not tempered. After cropping, they are 
rinsed and sent directly to the bleach. 

Bleaching 

The principle of bleaching sole leather is exactly the same as that of bleaching 
vegetable-tanned calf leather described in Chapter 14; but sole leather does not 
lend itself readily to the drum operations and so it is done in still vats. These 
vats are conveniently arranged in series of 4 vats each; a suitable size for each 
vat is 7 ft. by 6 ft. by 6 ft. deep. Each vat is equipped with a movable rack. Each 
rack is fitted to hold 14 sticks, each 7 ft. long, spaced about 4i inches apart. Two 
crops can be hung over each stick so that both head and tail hang downward. 



Courtesy Turner Tanning Machinery Co. 

Fig. 400. Bleaching Machine. 


The first vat contains pure water at a temperature of 125° F. The second 
vat is filled with water at 125° F. and 100 lbs. of soda ash is dissolved in it. The 
third vat is filled with water and 250 lbs. of 66° Baume sulfuric acid is dissolved 
in it. The fourth vat contains only pure water at 100° F. The workmen should 
be cautioned that higher temperatures may cause irreparable damage. 

Above the vats, a mechanical device is erected for raising the racks loaded 
with leather and moving them from one vat to the next in the series. A rack of 
leather is moved through all four vats, remaining for about 5 min. in each. As 
a rule, all four racks move together, so that a rack of new leather enters the first 
vat each time that one leaves the fourth vat. During the time that the four 
racks of leather are submerged in liquor, a new rack is being loaded with 
leather to enter the first vat, the leather is being removed from the rack that has 
just left the fourth vat, and the workmen are weighing off the soda ash and 
sulfuric acid for strengthening the second and third vats, respectively. 

Fig. 400 shows the Turner bleaching machine, which consists essentially of 
the mechanical device for moving the racks from one vat to another. Upon 
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Courtesy Endicott-J ohnson Corp. 

Fig. 401. Mechanical Movement of Sole-leather Crops in Bleaching. 

leaving the fourth vat, the crops are automatically dumped onto a platform and 
the rack returns to be loaded again before entering the first vat. Various tan- 
neries have different arrangements for accomplishing the same result. Fig. 401 
shows a rack of crops coming out of a bleaching vat in a large, modern sole-leather 
tannery. 

Since each vat is used for a number of successive racks of leather before making 
up fresh, it is necessary to strengthen the second and third vats after each rack 
has passed through it. In routine operation for the size of vat and number of 
crops per rack described above, a tanner may add 4 lbs. of soda ash to the second 
vat and 8 lbs. of sulfuric acid to the third vat for each rack that has passed through. 
However, it is much safer to have periodic analyses made by a chemist to determine 
how much of each material must be added per rack to maintain the original 
concentrations of soda ash and sulfuric acid. These analyses consist only of 
simple titrations that can be made in very few minutes. 

The size of rack described will hold 28 crops or 70 bellies, since the bellies 
can be hung 5 to the stick. 

After bleaching, the crops are again wrung out to remove the bulk of the water 
before they enter the oil wheel. Fig. 402 shows the operation of wringing sole- 
leather crops. The same operation is performed both before extracting and before 
running in the oil wheel. 

Bellies are also wrung out and sent to the oil wheel, but the treatment in the 
oil wheel may be very different. 
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The Oil Wheel 

The oil wheel may‘be a drum 8 ft. in diameter and 9 ft. wide, running ai 
20 r.p.m., but this varies greatly in different tanneries. The object of oil-wheeling 
is to incorporate materials into the leather that will increase the ultimate yield 
and improve the properties of the finished leather. Finders’ leather is a name given 
to the hard and firm leather preferred by cobblers for repairing shoes. Manu- 
facturers’ leather is the name applied to sole leather sold directly to shoe manufac- 
turers, which is usually softer and mellower than finders’ leather. Flexible sole 
leather is softer and more flexible than manufacturers’ leather and is used to make 
comfort shoes ; incidentally, flexible leather will greatly outwear the firmer 
leathers. Any variations in the operations following bleaching greatly influence 
the characteristics of the finished leather and some tanners have gained reputations 
for making leathers of certain specific properties particularly well. For this 
reason, the operations in different tanneries may differ greatly in details, although 
the general operations in nearly all tanneries are essentially the same. 

.... . 


■■s' 

• I'v ; :i- 



Courtesy Bndicott- Johnson Corp, 


Fig. 402. Wringing Sole-leather Crops for Extracting or for Oil-wheeling. 

One of many procedures for oil-wheeling crops is as follows: Put 3000 lbs. 
wrung weight of stock into the dr}’' drum. Mix dry 24 lbs. of goulac (Am. Gum 
Products Co.), 40 lbs. of Epsom salt, 10 lbs. of aluminum sulfate, 12 lbs. of 
powdered niter cake (sodium bisulfate), and 10 lbs. of colloidal clay-B (Saxe- 
Rushworth Co.), and add to drum. Start it running, and add through the hollow 
gudgeon of the drum a mixture of 80 lbs. of corn syrup, 24 lbs. of cod oil and 
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6 lbs. of sulfonated cod oil at 160° F. Run 40 min. and dump the pack. Note 
that no water is added to the drum. At the end of the 40 min., all the materials 
should be absorbed by the leather. 

For an oil-wheel load of 200 bellies, use per 100 lbs. wrung weight 3 lbs. 
of goulac, 4 lbs. of Epsom salt, 2 lbs. of niter cake, 10 lbs. of corn syrup and 3 
lbs. of cod oil. Run as for the crops. 

After the stock comes from the oil wheel, the crops are hung in a damp room by 
the head, with tail hanging downward, for 24 hours to condition for setting. 
They are then set out under heavy pressure on a drum setting-out machine, like 
that shown in Fig. 256 of Chapter 14. They are then hung to dry. 

The bellies are hung over sticks to condition for 24 hours and are then set 
out on a belly setting-out machine, like that shown in Fig. 295 of Chapter 15, 
after this they are hung to dry. 


Courtesy Endicoit- Johnson Corp. 

Fig. 403. Sole-leather Crops Hanging in Drying Rooms. 

Drying 

Both crops and bellies are hung over sticks, grain side out to dry. Sole- 
leather crops hanging to dry are shown in Fig. 403. To prevent serious darken- 
ing and discoloration of the leather, it is usually dried very slowly at relatively 
low temperatures. Sole leather at this stage contains a great deal of material 
that readily combines with oxygen from the air, forming resinous materials of 
very dark color, and the rate of oxidation increases very markedly with rise 
of temperature. In some tanneries, the temperature and humidity of the drying 
rooms are so controlled that the drying is never completed in less than 10 days. 
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After the stock is first hung to dry, the doors are closed so that there is prac- 
tically no ventilation in the drying rooms. As the drying progresses, more and 
more ventilation is allowed; but the temperature is not raised above that of room 
temperature until after the stock has been hanging for at least 5 days, and then it 
is never raised above 90° F, until after the stock is fully dried. 

The Sour Dip 

The sour dip takes its name from the fact that it consists of a solution of 
Epsom salt and corn sugar, which is allowed to ferment and sour, with the forma- 
tion of organic acids. The sour-dip liquor is made up in a large tank for fer- 
mentation. According to one method, 1200 lbs. of corn sugar, 720 lbs. of Epsom 
salt and 2 lbs. of yeast are dissolved in 1200 gals, of water at 100° F. and allowed 
to ferment until the pH value of the liquor drops to 3.0. This liquor is then diluted 
to a barkometer reading of 35° and is run into dipping boxes of convenient size at a 
temperature of about 110° F. Each crop or belly taken after drying is dipped 
into the liquor and left there to soak for 20 min. The sour dip keeps the color 
of the leather bright and tends to prevent discoloration of the leather by oxida- 
tion. After sour dipping, the stock is again hung to condition over night, is again 
set out as smoothly as possible and is again hung to dry slowly. 



Courtesy Turner Tanning Machinery Co. 

Fig. 404. Horizontal Sole Leather Roller. 

Sponging and Rolling 

The dried crops are dipped one by one very quickly in a solution of 25 lbs. 
of Epsom salt and 2 lbs. of oxalic acid in 100 gals, of water and are piled down to 
condition for -an hour. The grain surface of each is then washed with a sponging 
compound made as follows: To 70 lbs. of Nopcol (National Oil Products Co.) 
add 10 gals, of water and boil for 10 min. Then add 6 gals, of Nopcolene and 6 
gals, of kerosene and continue to boil for 20 min. Dilute with water to make 
100 gals. Wash the grain side of each crop with this mixture at a temperature 
of 150° F. This may be applied with a sponge, or more conveniently poured 
over the grain, using an automatic pump and hose, the excess liquor flowing back 
into a trough, from which the pumping is done. Hang to dry' until the stock 
is in condition for rolling, which can be learned only by experience. Then roll 
the stock the first time. 
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The roller consists of a heavy roll, which passes over the grain side of the 
leather under very heavy pressure. Fig. 404 shows a Turner Roller sometimes 
used for this purpose. The roll is made of brass, 20 inches in diameter by 6 
inches wide. 

After the first rolling, the stock is hung to condition for about 2 or 3 hours 
and it is then rolled again. Sometimes it is sponged again between rollings. After 
the second rolling, the stock is again hung to dry completely. 

Finishing 

Apply a coat of Finish No. 13 (Chapter 17), with or without pigment as desired, 
dry and then roll again. After rolling, brush to desired luster on a brushing 
machine like that shown in Fig. 405. After brushing, the stock is ready for 
delivery. 



Courtesy Turner Tanning Machinery Co. 
Fig. 405. Sole Leather Brushing and Finishing Machine. 


Finders’ Bends 

Leather for the very heavy and plump finders’ bends is selected during the 
cropping operation and split into bends, shoulders and bellies. Since the operations 
are in general like those for crops, only the essential points of difference will be 
described. 

After cropping, the bends are rinsed, wrung, extracted and tempered, but the 
time in the tempering vats is extended to 10 days because these bends are heavier 
than the crops. The bends are then rinsed and bleached. After bleaching, oil- 
wheeling and drying, the bends are dry-dipped, and are bleached and oil-wheeled 
a second time. In bleaching, each rack contains either 44 bends or 44 shoulders. 
In the first bleaching and oil-wheeling, the quantities of materials used are the 
same as for crops; but in the second bleaching only one-half of tlie quantities 
are used, and in the second oil-wheeling the same amount of coim syi’Up is used, 
but the quantities of other materials are cut in half. 

The Dry Dip 

After the bends have been bleached, oil-wheeled and dried the first time, they 
are dry-dipped. The dry-dip liquor consists of a mixture of one-third cutch extract 
and two-thirds quebracho extract on tannin basis, bisulfited together, and diluted 
to a barkometer reading of 55°. It is heated to 120° F. and the drv bends are 
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immersed in it and allowed to soak in it for an hour. The bends are then piled 
on a truck for an hour and are then given the second bleaching and the second 
oil-wheeling. They are again set out and dried slowly, after which the opera- 
tions are the same as for crops. Shoulders are treated like crops all the way 
through. A vertical section of a finders’ bend is shown in Fig. 406. 
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the leather is subsequently waterproofed by dipping it into hot, molten greases, 
which penetrate completely through the leather, causing a considerable amount of 
discoloration. Because of the grease present, pigment finishes applied to it after 
the greasing operation do not adhere to the surface with sufficient vigor to be 
practical. Orthmann conceived the idea of finishing the leather before greasing, 
with a pigment finish impervious to the grease, and then immersing the leather 
in the molten greases. After the greasing operation, any grease adhering to 
the surface of the finished leather can readily be wiped off. Being applied before 
greasing, the pigment finish adheres with great tenacity and the pigment hides 
any discolorations in the leather below. This method proved to be quite suc- 
cessful in practice, producing a waterproof leather of pleasing color. Orthmann 
applied for a patent covering the method and product in 1928 and was granted 
U. S. patent 1,865,783 in 1932. A vertical section of chrome sole leather is shown 
in Fig. 222 of Chapter 12 (p. 383). 

Harness Leather 

In making harness leather, the tanning operations are essentially the same as 
those for sole leather through the rockers and layers; but from this point on, the 
operations are quite different. In making sole leather, except in the manufacture 
of flexible sole leather, the tanner attempts to produce a firm and solid piece of 
leather without much flexibility. He uses extracts, sugars, salts, etc. both to give 
him the necessary yields of leather and to impart properties desired in sole leather. 
The uncombined extracts and the sugars cause the fibers to cohere, and give 
the leather a firmness, which is desired. He is careful not to use too much of 
oils or greases, because they keep the fibers from cohering and make the leather 
more flexible. In order to convert firm sole leather into flexible sole leather, 
he simply washes out the soluble matter that glues the fibers together and adds 
greases. On the other hand, the tanner of harness leather desires great flexibility 
and strength and so he avoids loading the leather with extracts and sugars and 
obtains his gains by stuffing it heavily with greases. 

Upon coming from the layers or tanning drums, the first operation is to 
reduce the content of water-soluble material in the harness leather so that it can 
be fatliquored properly. Put a pack into a drum and fill the drum to the hollow 
gudgeon with water at 100° F. and run for 2 hours. Then take the barkometer 
reading of the liquor in the drum; if it is below 8°, haul out the stock. If it is 
above 8°, i*un off half of the liquor and refill the drum with water at 100° F. 
Repeat this until the stock is essentially in equilibrium with a liquor having a 
barkometer reading not over 8°. Then haul out the stock. The waste liquors 
from this operation may be run to the leach house. 

After this operation, press the leather to give it a water content of about 
50 per cent, running the liquor from the press to the leach house. Then run the 
stock in a dry drum to open it up, and then split the heavier areas to level the 
stock and shave the shanks, heads and bellies. Then fatliquor. 

Fatliquoring 

Put a pack of 1000 lbs. shaved weight into a drum, start it running, and add 
90 lbs. of chamois moellon degras, 30 lbs. of sulfonated cod oil and 9 gals, of 
water at 150° F., and run for 20 min. Then haul out the stock and hang to dry 
very slowly, taking from 3 to 5 days to complete the drying and never allowing 
the temperature to exceed 85° F. After the leather is dry, it may be stored until 
ordered out. 
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Stuffing 

Make up the dry leather into lots of 700 lbs. dry weight each. Dip each side 
into water at 100° F. just long enough for it to absorb 50 per cent of its dry 
weight of water. Then pile the sides down and cover them over so that they will 
retain the moisture. Allow them to condition, or sammy, for 24 hours. Then put 
a pack into a stuffing drum like that shown in Fig. 300 of Chapter 15, start 
running and raise the temperature inside the drum to 115° F. This may take as 
long as 15 min. because the leather heats slowly. Then add a mixture of 40 
lbs. of tallow, 40 lbs. of paraffin wax, 80 lbs. of stearine and 3 lbs. of light 
mineral oil at a temperature of 125° R, and run 20 min. At the end of this 
time, all the stuffing mixture should be taken up by the leather and the leather 
should be hauled out. Hang the leather to cool for about 2 hours ; then set 
out each side very thoroughly both on grain and flesh on a drum setting-out 
machine like that shown in Fig. 257 (p. 440). Then set out the grain surface 
thoroughly on a harness setting-out machine, hang up the sides over night and 
reset the grain. Then hang to dry under such conditions that it takes about 8 
days for the leather to become dry. Then pile the leather to condition for 3 days. 



Courtesy Woburn Machine Co, 


Fig. 407. Whitening and Buffing Machine. 


Buffing 

Because this leather has been stuffed, it cannot be buffed satisfactorily on an 
ordinary buffing machine with Carborundum paper, and so it is buffed on a 
special whitening and buffing machine like that shown in Fig. 407. The 
bladed cylinder of this machine is shown in detail in Fig. 273 (p. 452) 
as the whitening cylinder. The grain surface of the leather is then dampened 
with water at 110° F. It is then fed into the whitening machine, in which 



626 


MODERN PRACTICE IN LEATHER MANUFACTURE 


the whitening cylinder works over it with a series of strokes, while the operator 
shifts the position of the side so that the entire area is finally buffed on the 
grain side. The buffed grain surface is then dyed the desired color by hand. 

Blacking 

For black leather, the buffed surface is first swabbed with a 2i per cent solu- 
tion of soda ash and allowed to dry. The dye solution is made by dissolving 6 lbs. 
of logwood crystals and 7 lbs. of nigrosine in 10 gals, of boiling water, cooling, 
adding 1 gal. of aqua ammonia and diluting to 50 gals. The dye solution is 
applied to the leather by means of a seasoning and blacking machine, like that 
shown in Fig. 353 of Chapter 16. After the coating has dried, the leather is 
passed through a second time to get a coat of a 2 per cent solution of cop- 
peras. It is then hung to dry slowly. The leather is then given one of the 
finishes described for vegetable-tanned calf leather and rolled. 



Fig. 408. Vertical Section of Vegetable-tanned Harness Leather. 
Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification: 14 diameters. 


Waterproofing 

The dry leather is dipped for 30 min. in molten paraffin wax at about 
140° F. and is then hung in a chamber at 140° F. for 30 min. After this it is 
hung to cool. The flesh side is then buffed on the whitening machine and the 
excess paraffin is removed from the grain side by hand slicking. A hand slicker 
is shown in Fig. 296 of Chapter 15. The leather may then be refinished. A 
vertical section of harness leather is shown in Fig. 408. 
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Miscellaneous Leathers 

Belting leathers are made very much like harness leathers except for the 
stuffing-. As a rule, belting leathers are given less than one-half as much 
grease and the grease is softer and of lower melting point. A good piece 
of harness leather may contain as much as 30 per cent by weight of greases 
and a good piece of belting leather may contain as little as 10 per cent. On the 
other hand, a good piece of sole leather may contain as little as 3 per cent. 

A good piece of vegetable-tanned sole leather may contain as much as 33 
per cent of water-soluble matter, consisting of uncombined tanning materials 
from the yards and of added extracts, sugars, salts, etc. Belting and harness 
leathers usually contain only from 12 to 14 per cent of water-soluble matter, 
and practically all of this comes from the yard liquors, none being deliberately 
added; in fact, the uncombined tanning materials from the yards left in the 
leather are actually reduced by washing prior to stuffing. 

Saddle leathers and strap leathers are often made like harness leather up 
to and including the fatliquoring operation, without stuffing, but are then 
set out thoroughly and finished like vegetable-tanned calf leathers, as described 
in Chapter 17. 

The addition of extracts and sugars to vegetable-tanned leathers makes them 
firmer and less flexible, which is desired in sole leather. Because it also 
increases the yield of leather, there is a temptation to load the leather with 
all that it can absorb. This is dangerous, however, in that it tends to make 
the leather brittle. The writer was once given a problem to solve that bears 
on this point. A shoe manufacturer had purchased a lot of sole leather that 
appeared to be of excellent quality and had made up thousands of pairs of 
shoes with it, which had been sent to retail stores all over the country. After 
a time, the shoes began to be returned in overwhelming numbers because of 
the cracking of the soles after less than a day’s wear. The writer examined 
the leather by analysis and microscopic observation and found it to be perfectly 
normal except for a greater amount of sugar than is usually present in sole 
leather. He found it possible to eliminate the trouble from the new shoes simply 
by holding the soles under the tap and allowing water to- flow over them for 
a minute. After drying and refinishing, the tendency for the soles to crack had 
entirely disappeared. The trouble was due entirely to an excessive amount of 
sugar in the grain layer gluing the fibrils together so that they ruptured when 
the sole was flexed. It was fortunate for the tanner that the trouble in this 
case could be corrected so easily, because he might have been liable to the 
extent of the value of the shoes, which was many times that of the selling 
price of the sole leather. 

Waterproofing Sole Leather 

This is a method applicable not only to vegetable-tanned sole leather, but to 
many kinds of heavy vegetable- tanned leathers. There is a considerable demand 
for shoes with soles waterproofed without loading them with heavy greases and 
waxes. Sole leather can be so waterproofed by incorporating into it vul- 
canized linseed oil. A tanner can make his own vulcanized lineed oil, but he 
should do it in a well ventilated hood because of the irritating properties of 
sulfur monochloride. 

Weigh 100 lbs. of raw linseed oil into a copper kettle and add, a little at a 
time, 15 lbs., 7 oz. of sulfur monochloride (Dow Chemical Co.) so that it 
takes at least an hour to add it all. Stir well while adding and measure the 
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temperature frequently. If it rises above 200° F., stop the addition and allow 
to cool. Add at such rate that the temperature never rises above 212° F. After 
all has been added, stir vigorously and allow to stand exposed to air for 3 days, 
with occasional stirring to' allow the acid fumes to escape. Then add 92 lbs. 
of light paraffin oil, 9 lbs. of petrolatum and 25 gals, of naphtha of specific 
gravity 0.74, and mix well. 

To waterproof sole leather, it is merely necessary to dip the dry leather into 
this solution until it penetrates completely as shown by the cessation of air 
bubbles coming from the leather. If less of the material is desired in the 
leather, it is necessary merely to make an appropriate dilution of the material 
with naphtha. Sometimes the shoe manufacturer does his own waterproofing 
after the soles have been cut. 

This material can be used to advantage in stuffing many varieties of leather 
to increase their waterproofness. 
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Chapter 19 

The Properties of Leather 

Leather serves many and varied useful purposes. Its relative value for 
any purpose is determined by its properties, or characteristics. In a shoe, it 
must have such properties that it can be made to conform to the shape of the 
foot; it must provide the foot with protection against mechanical damage and 
with comfort in all kinds of weather; it must provide proper ventilation and yet 



Fig. 409. Vertical Section of Hairy Leather for Loom Straps Made from Heavy 

Italian Steer Hides. 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 12 diameters. 

it must keep the foot reasonably dry; it must have strength and resistance to 
abrasion ; it must have a pleasing appearance ; it must also hav,e the ability to main- 
tain its valuable properties during the life of the shoe. In some kinds of work, 
leather must possess insulating properties against electrical currents or against 
heat and cold. 
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Fig. 410. Vertical Section of Raw-hide Picker Made from Hide of Indian Buffalo. 


Location: back. 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification : 13 diameters. 


Industrial development has reached such a stage that a manufacturer of a 
new material of commerce would not get very far in offering it to industry 
unless he listed the values of each of its important properties. A list of these 
values of properties would be sufficient to rule it out for many uses, thus 
saving much valuable time in excluding tests for purposes for which it could 
never be used, and permitting concentration of effort on tests for purposes 
for which the values of its properties indicated great promise. But leather 
is an ancient material of commerce, and all too often tanners take it for 
granted that its properties are so well known that it is not necessary even to 
measure their values. Probably this unscientific attitude is chiefly responsible for 
the tanners’ failure to develop new uses for leather when their own business is 
being jeopardized by more scientific manufacturers developing new substitutes 
for leather. 

Values of the important properties of leather are variable, and it is the 
tanner who varies them. The values of the properties of any kind of leather 
are very different from: those of the original hides or skins, and the tanner is 
responsible for the differences. Compared to the modern chemical industries, 
the leather' industry has been moving backward for the past two decades, 
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and certainly partly for the reason that it has been unable to offer lists of 
values of the properties of the various leathers from which engineers might 
select those that would meet specifications for various purposes. The shoe 
manufacturer still buys most of the leather that is made, and substitutes for 
leather are being used in shoe manufacture to an ever-increasing extent. The 
manufacturers of substitutes have made far more progress than the tanner in 
finding new uses for leather. 

As recently as 1926, the editor of “International Critical Tables” advised the 
writer that this great work on the properties of all important substances would 
have to go to press without any data on leather unless the writer would gather 
some at once. As a result, he immediately obtained typical samples of 18 
different kinds of leather, measured their properties and submitted the data. 
These are the only data on leather in this great international work, which 
provides engineers throughout the world with data on the properties of substances. 

The properties of leather are determined by (1) its physical structure; (2) its 
chemical composition; and (3) the mechanical work done on it. A tanner selects 
the physical structure when he selects the hides or skins for any given pui'pose, 
and he changes the chemical composition in his tannery operations. He modi- 
fies the properties to the various mechanical operations. Although no two hides 



Fig. 411. Vertical Section of Furniture Leather (Vegetable-tanned Cowhide). 
Location: back. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 65 diameters. 
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or skins are exactly alike, it is also true that the value of each property need 
not be an absolute one, but merely one with a maximum and minimum value; 
usually the permissible range is large enough to take care of natural variations 
in any one class of stock. Having selected structures of raw stock within 
reasonable limits, he can learn how to control chemical composition and how 
to perform the mechanical operations necessary to bring the important properties 
within the limits required. 



Fig. 412. Vertical Section of Heavy Belting Leather (Two Stecrhides Cemented 

Together). 

Location : back. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 10 diameters. 

Physical Structure 

Even a layman would not select a sheepskin to make sole leatlier, but he 
would have to learn to differentiate between steer hides and cow hides. Then 
he would have to learn to distinguish between the different kindvS and grades 
of steer hides available on the market. 

The structures of the different types of raw stock are shown and described 
in considerable detail in Chapter 1. The changes in structure as the stock 
passes through the tannery are shown in the subsequent chapters. One effect 
of difference in chemical composition is shown by comparing Fig. 174 (p. 318) 
with Fig. 214 (p. 373). Both pieces of leather are from the same original skin, 
which was cut in two along the backbone line, one side being chrome tanned and 
the other vegetable tanned. The pictures were taken of leather from exactly 
corresponding points on either side of the backbone. Both sides had the same 
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Fig. 413. Vertical Section of Basketball Leather (Vegetable-tanned Cowhide). 
Location : back. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 33 diameters. 



Fig. 414. Vertical Section of Football-helmet Leather (Vegetable-tanned Steer Hide). 
Location : back. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 29 diameters. 
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thickness and area before tanning, but a'fter finishing the chrome-tanned side had 
an area of 5.4 sq. ft. and an average thickness of 2.4 oz. (0.96 mm.), while the 
vegetable-tanned side had an area of 6 sq. ft. and an average thickness of 3.2 oz. 
(1.27 mm.). The structures of the two sides are decidedly different, primarily 
because of differences in chemical composition, and to a lesser extent because of 
differences in mechanical treatment. 

Another effect of difference of chemical treatment upon structure can be 
seen by comparing Fig. 307 (p. 493) with Fig. 308 (p. 494) in Chapter 15. 
Here the marked difference is due to a slight difference in fatliquoring. 



Fig. 415. Vertical Section of Horsehide Baseball Leather (Alum- tanned). 

Location : shoulder. 

Thickness of section: 20 microns, or 0.00079 inch. 

Magnification: 50 diameters. 

Structures of most of the common types of leathers have already l)ecn shown 
throughout the book. Fig. 409 shows a section of hairy Icatlier used for 
loom straps in the cotton mills. It is made from heavy Italian steer hides. The 
hair is not removed, but it is bleached before tanning. As tanning material, 
only such materials are used as give low yields, such as gamliier. It is 
heavily oiled, but must not feel greasy. It must maintain its life and resilience 
after an enormous number of flexings. Similar types of leather with the hair 
left on are made for round belting, such as that used on sewing machines. 

Fig. 410 is raw Tndian-biiffalo hide as used in making the very liard ‘‘pickers^^ 
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used in various cotton mills. It is passed through the normal beamhouse opera- 
tions, but is not tanned at all. 

Fig. 411 shows a typical section of top-grain furniture leather consisting of 
the grain split of a vegetable-tanned cow hide. This leather is finished with a 
heavy coat of pigmented plastic finish and embossed. 



Fig. 416. Vertical Section of Garment Leather (Chrome-tanned Sheepskin). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 48 diameters. 

Fig. 412 shows a section of heavy, cemented belting. Vegetable-tanned steer 
hides are split to uniform thickness and then cemented flesh to flesh. This makes 
a heavy, durable and flexible belt and both sides of the belt are grain sides. 

Fig. 413 shows a section of vegetable-tanned basketball leather made from cow 
hide. It is split to the desired thickness and embossed. It shows only one full 
node of the pebbled design of the embossing plate. Intercollegiate football leathers 
are similar, but they are thicker and are taken only from the butts of choice steer 
hides for the best balls. 

Fig. 414 shows a section of football helmet leather made from vegetable- tanned 
steer hide. This leather must be very tough, but it must be flexible enough to per- 
mit molding into a helmet. After the helmets are made, they are often coated with 
lacquer pigment finishes in the school colors. 
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Fig. 415 shows a horsehide baseball leather. It is made from selected horse 
fronts and is alum tanned. Many baseballs are made also from kips, which are 
either alum-tanned alone or are tanned with Calgon and retanned with alum. 
Although horsehide is still official for major-league balls, the writer has demon- 
strated in hundreds of tests, both in the laboratory and in actual play, that kips 
are more durable than horsehides. 



Fig. 417. Vertical Section of Vegetable-tanned Water-buffalo Hide. 

Location : back. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 67 diameters. 

Fig. 220 (p. 000) shows a section of sheepskin boxing glove leather. Chrome- 
tanned sheepskins are ideal for this purpose. Fig. 416 shows a section of sheep- 
skin garment leather that is chrome-tanned. The tendency for sheepskins to 
separate into grain and flesh layers is not a disadvantage for this kind of leather, 
because softness and great flexibility is a requirement for coat leathers and the 
looseness of structure of the sheepskin is really an advantage. 

Fig. 417 shows a section of leather made from the water buffalo. The hides 
are imported from China in the dry state and vegetable tanned for many of the 
purposes for which cowhides are used. The grain surface has an interesting 
pattern that makes it popular for hand bags and the leather is sometimes embossed 
for the cheaper grades of footballs and basketballs. 

Fig. 418 shows a section of white kid leather for women’s shoes. It is a 
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goatskin that was lightly chrome-tanned, bleached with syntans and then treated 
with barium chloride followed by sodium sulfate to precipitate white barium sul- 
fate in the outer layers of the skin. It was then finished with a plastic, and 
heavily pigmented with titanium dioxide to produce a pure-white leather. It 
must be remembered that all the sections of skin and leather whose photomicro- 
graphs are shown in this book were photographed with light transmitted through 
the sections. Since the barium sulfate and titanium dioxide pigments are rela- 
tively opaque and do not transmit the light, they show black in the picture, although 
actually they are very white. The heavy black line at the top of the picture is 
titanium-dioxide pigmented coating of finish and the dark, wide band in the lower 
part of the picture is the barium sulfate precipitated in the skin. 



Fig. 418. Vertical Section of White Kid Leather (Chrome-tanned Goatskin). 

Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 62 diameters. 

Fig. 419 shows a section of workmen’s glove leather made from chrome- 
tanned cowhide bellies. Similar types of gloves are also made from splits. 

Fig. 420 is a section of black suede leather made from calf slunks; that is, 
the skins of unborn calves. This leather is worn flesh side out. A velvety nap 
is produced on the flesh side by buffing while damp on an emery wheel, as 
described in Chapter 16. 

Fig. 421 shows a section of the once very popular buck leather for both men’s 
and women’s shoes. It is made from split, chrome-tanned cowhides. The grain 
is buffed to produce a nap and it is then dusted with colored talcum powers. 

Fig. 422 shows a section of typical shell cordovan leather sometimes used in 
the uppers of men’s shoes. It is made from vegetable-tanned horse butts split 
through the middle of the shell or glassy layer characteristic of the butt of a 
horse hide. The leather is finished on the split side. By comparing Figs. 187 
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and 188 [p. 339 and 341] the difference in structure between vegetable-tanned 
horse fronts and horse butts can be seen. 

Fig. 423 shows a section of vegetable-tanned shark leather used widely for toe- 
caps for boys’ shoes. It has the greatest resistance to abrasion of any com- 
mercial leather, although great resistance to abrasion is common to all fish skins 
because they have no thermostat mechanism and, instead of glands which are 
removed in the beamhouse operations, they have densely packed masses of col- 
lagenous tissues. 



Fig. 419. Vertical Section of Workmen’s Glove Leather (Chrome-tanned Cowhide Belly). 

Location: belly. 

Thicknes.s of .section: 30 microns, or 0,00118 incli. 

Magnification : 71 diameters. 

Fig. 424 shows a section of black kangaroo leather, a favorite for tlic uppers 
of baseball and other athletic shoes because it is extremely tough and durable 
and yet of very light weight. 

With all the photomicrographs appearing in this book, the tanner is given a very 
comprehensive picture of the structures of hides, skins and leathers used in quan- 
tity. Discussions of less common types have purposely been omitted in order to 
give fuller discussions of the more important matters involved in modern practice 
in leather manufacture. 
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Chemical Composition 

Although the properties of leather are determined chiefly by structure, they are 
enormously influenced by chemical composition and mechanical handling, and this 
is something that the tanner can do something about. For example, he can cut a 
heavy steer hide into two sides and convert one into a firm and solid piece of 
finders’ leather and the other into a soft and stretchy piece of very heavy glove 
leather. The properties of the two sides of leather would be vastly different, and yet 
he could give a hide one or the other simply by differences in chemical treatment 
and in mechanical operations. 



Fig. 420. Vertical Section of Black SuMe Leather (Chrome-tanned Calf Slunk). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 

The tanner can adjust the chemical composition of the leather he makes within 
certain limits, and each adjustment has an influence on the physical properties of 
the leather. Since it is desirable to have as a guide, a list of chemical compositions 
of various leathers known to be satisfactory, the writer has prepared such a list 
in Table 50. It does not include every kind of leather, but a sufficient variety so 
that the tanner can select the one that most nearly resembles the type he is 
making and from it to get a rough idea of the proportions of fat, water-soluble 
matter, combined tannin and chromic oxide that his leather might reasonably con- 
tain. No fixed chemical composition can be given as best for any type of leather 
because, in order to get the best results, chemical composition would have to be 
varied according to the chance solidity of structure of a hide and other factors. 

To show one of the many uses to which Table 50 can be put, let us consider the 
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manufacture of both vegetable-tanned sole leather and vegetable-tanned football 
leather- Both leathers are made from plump steer hides and both are vegetable- 
tanned. The properties desired in these two kinds of leather are very different. 
For sole leather to have the firmness required, it must have a low fat content and 
a large amount of water-soluble material of the nature of uncombined tanning 
extract. The greater the amount of uncombined extract in the leather, the firmer 
it will be; if too much is added, the leather will actually become brittle. For 
football leather to have great flexibility, tearing resistance and stretch, it must 
have a high fat content and a low content of water-soluble extract. It will be 



Fig. 421. Vertical Section of Buck Side Leather (Chrome-tanned Split Cowhide). 
Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 


noted that the sole leather has a fat content of only 3.37 percent, whereas the foot- 
ball leather has a fat content of 17.19 percent. Sole leather has a water-soluble 
content of 33.35 percent and football leather one of only 6.72 percent. 

Some tanners have erroneously believed that a high content of combined tannin 
makes the leather very firm and solid. Actually, leather 1)ecomes softer as its con- 
tent of combined tannin increases, if all other factors remain the same. In prac- 
tice, when leather is given more extract in order to increase the combined tannin, 
the leather becomes firmer only because of the increasing amount of uncombined 
tannin. This can easily be shown by taking two pieces of sole leather, one with 
high and one with low combined tannin, and washing them both thoroughly to 
remove the water-soluble matter. After drying, it will be found that the one of 
higher combined tannin will be the softer. It will be noted that the satisfactory sole 
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leather has only 18.12 percent of combined tannin and the satisfactory football 
leather 23.55 percent. The satisfactory vegetable-tanned calf leather that must 
be soft contains 27.40 percent of combined tannin. 

On an average, 100 lbs. shaved weight of leather dries out to about 50 lbs. of 
air-dry leather. In fatliquoring football leather to get about 18 percent of fat 
in the air-dry leather, the tanner would use about 9 percent of actual oil on shaved 
weight. If the leather to be fatliquored were unusually solid and tight in structure, 
he would have to use more fat to get the desired flexibility, and he should also 
wash it more thoroughly before fatliquoring in order to make it softer ; with looser 
leather, he would use less fat and wash less thoroughly. 






Fig. 422. Vertical Section of Shell Cordovan Leather (Vegetable-tanned Horse Butt). 

Location: butt. 

Thickness of section: 30 microns, or 0.00118 inch. 

Magnification: 75 diameters. 

Complete analyses are not given in Table 50 because it seemed in the best 
interest to keep it simple to avoid confusion. In chrome-tanned leather, the acidity 
is very important, but it is not so much the percentage of acid in the leather as it 
is the ratio of the acid to chrome that is important. In general, the greater this 
ratio, the firmer and smoother will be the leather; if carried to an extreme, the 
leather will be tinny. Chrome-tanned leather is also very sensitive to fat ; a small 
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Fig. 423. Vertical Section of Vegetable- tanned Shark Leather. 
Location: butt 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification: 75 diameters. 



Fig. 424. Vertical Section of Chrome-tanned Kangaroo Leather. 
Location : butt. 

Thickness of section: 30 microns, or 0.00118 inch. 
Magnification : 75 diameters. 
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Table 50. Chemical Composition of Various Satisfactory Leathers in Percent by Weight. 







Water- 

Com- 


Kind of leather 

Water 



Hide 

soluble 

bined 

Chromic 

Fat 

Ash 

substance 

matter 

tannin 

oxide 

Bag (vegetable cow) 

7.57 

3,78 

0.28 

55.64 

5.87 

26.49 

0.00 

Basketball (vegetable steer) 

8.65 

16.65 

0.63 

43.69 

8.41 

21.70 

0.00 

Belting (vegetable steer) 

8.86 

11.37 

0.23 

41.73 

13.96 

23.85 

0.00 

Belting (vegetable steer, gambier) 

9.69 

15.98 

2.28 

42.49 

25.33 

6.12 

0.00 

Boxing glove (chrome sheep) 

8.29 

15.57 

4.86 

58.08 

1.52 

11.93 

2.77 

Buck (chrome cow) 

14.10 

2.10 

10.60 

69.60 

0.50 

3.60 

5.30 

Calf (chrome-tanned) 

15.10 

4.79 

7-70 

63.16 

1.47 

4.78 

5.54 

Calf (vegetable-tanned) 

11.34 

9.90 

0.75 

42.39 

8.25 

27,40 

0.00 

Cordovan (vegetable horse butt) 

10.00 

18.60 

0.20 

40.10 

8.70 

21.80 

0.00 

Deerskin (chrome-tanned) 

13.04 

10.10 

5.53 

66.79 

0.52 

2.03 

4.68 

Elk side (chrome-tanned cow) 

12.80 

6.74 

3.94 

71.46 

1.35 

1.13 

3.41 

Football (vegetable-tanned steer) . . . . 

8.80 

17.19 

1.41 

42.47 

6.72 

23.55 

0.00 

Furniture (vegetable-tanned cow) 

9.28 

5.88 

0.64 

51.30 

8.24 

24.06 

0.00 

Garment (chrome horse front) 

5.08 

26.19 

3.66 

52.34 



3.34 

Garment (chrome-tanned sheep) 

. 13.72 

16.33 

4.02 

53.44 

0.16 

12.43 

3,21 

Gasket (chrome-tanned cow) 

10-72 

9.58 

3.40 

31.60 

— 

— 

0.83 

Glove (chrome cow belly) 

Glove (chrome cow split) 

8.94 

26.27 

8.30 

47.33 

1.43 

8.91 

2.40 

12.46 

22.86 

11.00 

47.15 

2.18 

4.95 

1.98 

Glove (chrome horse front) 

7.53 

18-14 

9.81 

53.68 

1.14 

9.71 

3.30 

Hairy (heavy vegetable steer) 

11.29 

13.82 

1.03 

51.66 

6.32 

14.56 

0.00 

Harness (vegetable-tanned steer) . . . . 
Kangaroo (chrome-tanned) 

7.94 

29.07 

0.20 

34.09 

14.20 

14.45 

0.00 

, 12.00 

11.30 

8.40 

62.70 

0.80 

5.10 

6.00 

Kid (glazed chrome) 

9.85 

7.86 

2.90 

71.97 

2.58 

2.66 

2.43 

Kid (lining chrome) 

17.80 

3.66 

6.66 

59.89 

1.90 

9.26 

5.03 

Patent colt (chrome-tanned) 

. 12.00 

5.10 

6.80 

60.40 

1.00 

9.10 

3.60 

Patent kid (chrome-tanned) 

11.80 

6.60 

7.00 

54.00 

0.60 

12.20 

3.60 

Patent side (chrome-tanned cow) 

8.51 

5.51 

3.80 

61.78 

2.88 

15.28 

2.58 

Picker (raw buffalo) 

12.90 

2.22 

1.81 

83.12 

0.00 

0.00 

0.00 

Pigskin belt (vegetable-tanned) 

14.47 

3.27 

0.44 

44.39 

11.88 

24.98 

0.00 

Shark (vegetable-tanned) 

12.20 

6.90 

0.30 

45.40 

7.00 

28.40 

0.00 

Shearling (chrome-tanned) 

7.32 

26.68 

3.81 

54.42 

4.66 

4.17 

0.34 

Shearling (vegetable-tanned) 

10.68 

13.62 

3.34 

49.93 

13.72 

10.43 

0.00 

Sheepskin lining (vegetable) 

10.90 

6.10 

0.30 

50.00 

2.30 

17.40 

0.00 

Side upper (chrome-retanned cow) . . . 

15.10 

20.40 

4.50 

44.60 

0.90 

15.20 

2.40 

Side upper (chrome-tanned cow) 

Sole (chrome-retanned horse butt) . , . 

13.49 

3.48 

4.58 

71.84 

1.66 

0.16 

3.93 

10.01 

30.72 

4.21 

43.01 

2.04 

8.31 

3.55 

Sole (chrome-retanned steer) 

13.99 

20.57 

3.71 

51.24 

1.63 

5.72 

3.24 

Sole (chrome-tanned steer) 

10.70 

21.77 

4.73 

58.24 

0.70 

0.63 

4.15 

Sole (vegetable-tanned steer) 

9.67 

3.37 

3.01 

34.48 

33.35 

18.12 

0.00 

Suede (chrome-tanned calf slunk) . . . 
Split (chrome-tanned cow) 

12.70 

7.10 

8.90 

55.10 

0.90 

15.80 

5.40 

7.20 

20.25 

14.63 

52.50 

3.11 

3.49 

3.04 

Waterproof side upper (chrome cow) 

9.19 

27,28 

1.06 

47.92 

2.01 

12.30 

0.82 

Waterproof sole (vegetable steer) . . . . 

6.30 

11.55 

1.47 

32.50 

25.47 

21.51 

0.00 

Workshoe upper (chrome cow) 

8.03 

20.60 

2.00 

45.33 

7.88 

16.74 

0.78 

White kid (chrome-tanned) 

7.45 

4.16 

24.19 

55.25 

11.79 

2.97 

0.68 

increase in fat may make it 

too soft. 

Larger percentages 

of fat 

are necessary 


for chrome-tanned leather that has been retanned with vegetable-tanning mate- 


rials. In general, vegetable-tanned leathers require more fat than chrome-tanned 
leathers. When large proportions of fat are used on chrome-tanned leathers, 
the characteristic properties of glove leathers are obtained. 

The analyses represented in Table 50 are from cuttings from the portions most 
valuable for the purposes for which the leather was to be used, but they include 
the full thicknesses of the leathers. Chemical composition varies, however, at 
different depths below the grain surface, as shown in Table 51. 

In each case, the choice part of the finished leather was taken and split into 
5 layers. The thickness of each split is given in ounces; it will be recalled that 
1 oz. equals ^ inch. Analyses made in this way give much more information 
than can be obtained by analyzing only the full thickness of leather. Practically 
all finished leathers vary in composition at different depths below the grain surface. 
In chrome-tanned calf leather, the bulk of the fat is contained in the outer layers ; 
that found in the middle layer is only the natural animal fat. The sulfonated oils 
used combine with the leather and do not spread over the surfaces of the wet 
fibers during drying. The neutral oils used in vegetable- tanned calf leather spread 
and so we find appreciable quantities of fats in the middle layers. In the chrome- 
tanned calf, the middle layer contains the largest percentage of sulfuric acid 
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Table 51. Composition of Various Leathers at Different Depths Below Grain Surface. 


Chrome-tanned Calf 
Thickness of split in ounces 
Water 


Hide substance 

Sulfuric acid 

Sodium sulfate 

Chromic oxide 

Aluminum and iron oxides 

Chlorides (sodium plus hydrogen) 
Combined tannin 

Vegetable-tanned Calf 

Thickness of split in ounces 

Water 

Fat 

Hide substance.. 

Sulfuric acid 

Aluminum and iron oxides 

Water-soluble organic matter.... 
Combined tannin 

Vegetable-tanned Russet Side 

Thickness of split in ounces 

Water 

Fat 

Hide substance 

Sulfuric acid 

Aluminum and iron oxides 

Water-soluble organic matter. . . . 
Combined tannin 

Vegetable-tanned Harness 

Thickness of split in ounces 

Water 


Hide substance 

Sulfuric acid 

Barium sulfate (weighting material) . . . 

Water-soluble organic matter 

Combined tannin 

Vegetable-tanned Oil Skirting 

Thickness of split in ounces 

Water 

Fat 

Hide substance 

Sulfuric acid 

Aluminum and iron oxides 

Water-soluble organic matter 

Combined tannin 


Grain 

2nd 

3rd 

4tlL 

Flesh 

Layer 

Layer 

Layer 

Layer 

Layer 

0.33 

0.50 

0.83 

0.55 

0.55 

10.4 

12.3 

14.2 

14.6 

11.6 

16.1 

4.7 

0.7 

2.4 

11.1 

53.0 

64.9 

72.5 

70.8 

60.6 

2.0 

3.9 

4.8 

4.3 

2.2 

0.2 

0.3 

0.2 

0.2 

0.1 

6.0 

6.9 

6.4 

6.1 

5.4 

3.6 

1.8 

0.4 

0.5 

1.5 

0.0 

0.4 

0.8 

0.5 

0.0 

8.7 

4.8 

0.0 

0.6 

7.5 

0.60 

0.71 

1.16 

0.81 

. 0.60 

9.6 

10.9 

12.3 

12.3 

10.6 

19.4 

14.3 

7.0 

9.9 

13.4 

35.9 

42.8 

48.2 

46.2 

42.1 

0.7 

0.7 

0.3 

0.4 

0.3 

2.5 

0.9 

0.4 

0.6 

1.2 

7.7 

12.2 

13.8 

14.1 

10.0 

24.2 

18.2 

18.0 

16.5 

22.4 

2.14 

1.89 

1.51 

2.02 

1.26 

13.6 

13.9 

13.7 

14.1 

13.6 

11.0 

7.0 

4.3 

2.6 

5.6 

39.3 

42.9 

45.4 

47.8 

45.0 

0.8 

0.9 

1.1 

1.1 

1.1 

0.2 

0.0 

0.0 

0.0 

0.0 

7.9 

6.9 

7.8 

6.5 

6.9 

27.2 

28.4 

27.7 

27.9 

27.8 

4.54 

1.89 

1.41 

1.89 

2.82 

9.0 

12.5 

12.2 

12.3 

9.0 

38.3 

16.9 

16.5 

20.6 

33.9 

25.2 

39.8 

40.3 

37.2 

27.9 

0,2 

0.2 

0.3 

0.2 

0.4 

5.3 

0.0 

0.0 

0.0 

4.5 

6.2 

8.8 

9.4 

8.4 

7.0 

15.8 

21.8 

21.3 

21.3 

17.3 

2.52 

3.78 

1.26 

1.26 

2.52 

11.8 

12.8 

13.1 

13.0 

11.6 

8.4 

3.9 

3.6 

5.1 

10.1 

39.8 

45.0 

46.2 

45.3 

41.4 

0.6 

0.8 

0.7 

0.7 

0.6 

0.1 

0.1 

0.1 

0.1 

0.4 

15.5 

15.8 

16.8 

15.2 

14.2 

23.8 

21.6 

19.5 

20.6 

21.7 


because the neutralizing agents used in the operations after tanning do not penetrate 
the leather completely. 

In the vegetable-tanned calf, more sulfuric acid is found in the outer layers 
because it was added after tanning in the bleaching operation and did not pene- 
trate completely through the leather. The water-soluble organic matter is greatest 
in the middle layer because it penetrated there during tanning and the subsequent 
washings removed it most thoroughly from the outer surfaces. 

In the chrome- tanned calf, the combined tannin is present only in the outer 
layers, because the sumac and other mordants used in dyeing do not penetrate 
very deeply into the leather. In harness leather, the greatest proportion of com- 
bined tannin occurs in the middle layer. In fatliquoring, uncombined tannin is 
removed only from the outer layers, leaving more in the middle layer to combine 
slowly with the hide substance on long standing. The loading of this leather 
with barium sulfate was purely on the surface, as none is found except in the 
outer layers. 

All determinations of water are likely to vary according to the relative humidity 
of the atmosphere of the laboratoi*y or place they are kept prior to analysis. 
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Table 52. Differences in Chemical Composition of Butt and Belly Areas of Calfskins. 



Chrome-tanned Calf 

Vegretable-tanned Calf 


butt 

belly 

butt 

belly 

Water 

... 13.0 

14.8 

11.6 

10.9 

Fat 

... 5.2 

6.5 

10.8 

15.1 

Hide substance 

... 71.4 

66.9 

41.8 

38.4 

Sulfuric acid 

... 3.3 

1.8 

0.8 

0.6 

Sodium chloride 

... 0.5 

0.4 

— 

— 

Chromic oxide 

... 3.1 

3.2 

— 

. — 

Aluminum and iron oxides 

... 0.5 

0.6 

0.6 

0.8 

Water-soluble organic matter 

. . — 

— 

7.1 

5.7 

Combined tannin 

... 3.0 

5.8 

27.3 

28.5 


Because water evaporates from the surface, the water contents of the middle layers 
are usually highest. 

The chemical composition of a skin also varies over its area, which is the 
result partly of differences in thickness and partly of differences in looseness of 
structure. For areas of the same degree of tightness of structure, in fatliquoring, 


Vegetable-tanned Calfskin No. 1 



Fig. 425. Chart Showing Variation in Thickness, Strength and Stretch of a Typical 
Vegetable-tanned Calfskin Over Entire Area. 

Test strips cut 1x6 inches in the positions indicated. In each strip, the number to 
the left is the thickness of the strip in millimeters ; the middle number is the tensile 
strength in kilograms per sq. cm.; and the number to the right is the percent stretch 
under a load of 225 kilograms per sq. cm. of leather cross-section. 1 millimeter =2.52 
ounces. 1 kilogram per sq. cm. = 14.2 lbs. per sq. in. A load of 225 kilograms per sq. cm. 
=a load of 3195 lbs. per sq. in. 
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Vegetable-tanned Calfskin No. 2 
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Fig. 426. Chart Showing Variation in Thickness, Strength and Stretch of a Typical 
Vegetable-tanned Calfskin Over Entire Area. 

Test^ strips cut 1x6 inches in the positions indicated. In each strip, the number to 
the left IS the thickness of the strip in millimeters ; the middle number is the tensile 
strength in kilograms per sq. cm. ; and the number to the right is the percent stretch 
under a load of 225 kilograms per sq. cm. of leather cross-section. 1 millimeter=2 52 
ounces. 1 kilogram per sq. cm. = 14.2 lbs. per sq. in. A load of 225 kilograms per sq. cm 
=a load of 3195 lbs. per sq. in. 


the skin tends to take up the same percentage of fat per unit area. For example, 
if the shoulder has a thickness of 21 oz. and the butt has a thickness of 3i oz! 
and if the butt is found to contain 7.0 percent of fat, the shoulder will usually 
contain 9.1 percent of fat. The same rule applies to other materials which do not 
completely penetrate the leather. 

However, for areas of the same thickness, those of looser structure tend to 
take up more material than those of tighter structure. When skins are being 
washed, the areas of looser structure give up their water-soluble substances more 
readily than areas of tighter structure. The bellies of calfskins are usually of the 
same thickness as the butts, but they are of much looser structure. The effect 
of structure upon chemical composition is shown in Table 52 for the butt and 
belly areas of a chrome-tanned calfskin and a vegetable-tanned calfskin. 

Although the belly and butt areas were of the same thickness in each skin, 
the belly areas took up more fat and combined tannin than the butt areas, but 
contained less water-soluble matter because of the greater ease with which it is 
removed by washing. 
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Strength and Stretch 

The tensile strength of leather and its resistance to stretching vary greatly 
over the entire area of a skin. These properties vary also according to the kind 
and age of the animal, the kind and degree of the tannage, the chemical composition 
and the degree of splitting. 


Chrome-tanned Calfskin No. 1 



Fig. 427. Chart Showing Variation in Thickness, Strength and Stretch of a Typical 
Chrome-tanned Calfskin Over Entire Area. 

Test strips cut 1x6 inches in the positions indicated. In each strip, the number to 
the left is the thickness of the strip in millimeters; the middle number is the tensile 
strength in kilograms per sq. cm.; and the number to the right is the percent stretch 
imder a load of 225 kilograms per sq. cm. of leather cross-section. 1 millimeter =2.52 
ounces. 1 kilogram per sq. cm. = 14.2 lbs. per sq. in. A load of 225 kilograms per sq. cm. 
=a load of 3195 lbs. per sq. in. 

To show the very important effect of location on the skin, it seems best to give 
complete results for calfskins. The entire areas of two vegetable-tanned calfskins 
and two chrome-tanned calfskins were cut into strips 1 by 6 inches each with a die. 
In one skin of each tannage, the strips were cut parallel to the backbone line, 
and in the other they v/ere cut perpendicular to it. Before cutting into strips, 
each skin was kept in an atmosphere of 50 percent relative humidity and then 
each strip w^as tested at once. The thickness of each strip was measured immedi- 
ately before testing with the sensitive Randall & Stickney gauge shown in Fig. 202 
(p. 357). The tests were made on a Scott vertical machine with the jaws set 4 
inches apart. This machine was equipped with a recording device for showing the 
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stretch as a function of the load. Since each strip was exactly 1 inch wide, its 
thickness in inches was also a measure of its cross-section area in square inches. 

Altogether 894 strips were tested. The results are shown to best advantage in 
Figs. 425 to 429, inclusive, taken from ‘The Chemistry of Leather Manufacture,'' 
pages 1056 to 1059, inclusive. The location of each strip on the skin is shown and 


Chrome-tanned Calfskin No. 2 



Fig. 428. Chart Showing Variation in Thickness, Strength and Stretch of a Typical 
Chrome-tanned Calfskin Over Entire Area. 

Test^ strips cut 1 X 6 inches in the positions indicated. In each strip, the number to 
the left is the thickness of the strip in millimeters ; the middle number is the tensile 
strength in kilograms per sq. cm.; and the number to the right is the percent stretch 
under a load of 225 kilograms per sq. cm. of leather cross-section. 1 millimeter =2.52 
ounces. 1 kilogram per sq. cm. = 14.2 lbs. per sq. in. A load of 225 kilograms per sq. cm. 
=a load of 3195 lbs. per sq. in. 

on the diagram of each strip, three numbers are marked. The number to the left 
is the thickness of the strip in millimeters. The middle number is the tensile 
strength in kilograms per sq. cm. of leather cross-section. The number to the 
right is the percent stretch under a load of 225 kilograms per sq. cm. of cross-section. 
In ‘The Chemistry of Leather Manufacture," the metric system of measurements 
was used because the book was written for chemists. In order to convert thickness 
into ounces, simply multiply the value given for millimeters by 2.52. To convert 
tensile strength into lbs. per sq. in. of cross-section, simply multiply the value given 
foi kilogiams per sq. cm. by 14.2. A load of 225 kilograms per sq. cm. is the 
same as a load of 3195 lbs. per square inch. 

In order to show graphically how strength and stretch vary as one moves from 
one part of the skin to another, the values taken from Figs. 425 and 426 are 
plotted in Figs. 429 and 430, respectively. 
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All these values plus thousands of other values available to the writer were 
then used to make the graph shown in Fig. 431, which it would be well to memorize 
because it represents the distribution of strength, stretch and solidity of structure 
more or less common to all hides and skins. 



left right 

Inches from Backhone 

Fig. 429. Charts Showing Variations in Strength and Stretch of a Typical Vegetable- 
tanned Calfskin Over Entire Area. Pull exerted in direction parallel to line of 
backbone. Values taken from Fig. 421. 

As a matter of interest, the maximum, minimum and average values for the 
tests on the four calfskins are given in Table 53. 

Thousands of tests have shown that there is little to choose between the 
tensile strength of chrome-tanned calf and that of vegetable-tanned calf, and that 
essentially the same results are obtained whether the strips are cut parallel or 
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Table S3. Maximum, Minimum and Average Values for the Tests Whose Values Are 
Given in Figs. 421 to 424, Inclusive. 

Chrome-tanned Calf Vegetable-tanned Calf 


Number of strips tested 


skin #1 
206 

skin #2 

197 

skin #1 
251 

skin #2 
240 

Thickness in ounces 

maximum 

4.08 

3.86 

3.78 

3.93 


minimum 

2.32 

2.07 

1.86 

2.12 


average 

2.95 

2.82 

2.67 

2.97 

Tensile strength in lbs. per 

maximum 

6589 

5694 

6930 

6844 

sq. in. 

minimum 

653 

1264 

1136 

682 

average 

3678 

3550 

4345 

4118 

Percent stretch under load 

maximum 

168 

132 

133 

130 

of 3195 lbs. per sq. in. 

minimum 

20 

12 

15 

13 

average 

43 

40 

33 

29 


(Where the tensile strength was less than 3195 lbs. per sq. in., the stretch value was obtained by 
extrapolation and is, therefore, of theoretical significance only.) 


perpendicular to the backbone line. The tighter leather is set out in any one 
direction, the less will be the stretch in that direction. The greater the pressure 
applied in smooth-plating, the less will be the thickness and the greater will be 
the tensile strength per unit cross section. 



o 

►1 

o 

§ 

e+ 



head tall 

Inches from Mldllno 


Fig. 430. Charts Showing Variations in Strength and Stretch of a Typical Vegetable- 
tanned Calfskin Over Entire Area. Pull exerted in direction perpendicular to line 
of backbone. Values taken from Fig. 422. 
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Effect of Splitting 

The tensile strength of leather is not uniform throughout its thickness. The 
uppermost layer, which contained the thermostat mechanism in the living skin, 
is relatively very weak, nearly all of the strength of the leather being in the 
reticular layer. Any reduction of thickness of leather by splitting thus tends to 
alter its tensile strength and may either increase or decrease it per unit cross 
section, depending upon the strength of the part removed. It is thus apparent 
that the extent to which leather has been split or shaved in process of manufacture 



□ Tensile strength less than 2414 lbs. per sq. in. 

Stretch greater than 60% under load of 3195 lbs. per sq. in. 

mr Tensile strength 2414 to 3692 lbs. per sq. in. 

— Stretch from 60% to 26% under load of 3195 lbs. per sq. in. 

■ Tensile strength from 3692 to 4970 lbs. per sq. in. 

Stretch from 26% to 20% under load of 3195 lbs. per sq. in. 

■ Tensile strength greater than 4970 lbs. per sq. in. 

Stretch less than 20% under load of 3195 lbs. per sq. in. 

Fig. 431. Chart Showing Variation in Strength and Stretch of Typical Calfskins Over 

Their Entire Areas. 

will affect the results of any tests in which tensile strength is the dependent 
variable. Wilson and Kern have prepared two charts showing how the strength 
of chrome- and vegetable-tanned calf leathers varies as the grain or flesh layer is 
reduced in thickness by splitting. 

A number of representative skins of finished vegetable- and chrome-tanned calf 
leathers were selected. On either side of the backbone of each skin, and with length 
parallel to it, an area 6 X 25 inches was cut so that the inner edge was about 4 inches 
from the backbone and the ends equal distances from the head and tail ends of the 
skin. This area was then cross cut into twenty- five strips each 1x6 inches, num- 
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bered consecutively. The odd numbered strips were tested for tensile strength and 
resistance to stretch. All leather when tested was in equilibrium with an atmos- 
phere of 50 percent relative humidity. The results were used to calculate the 
strengths of the even numbered strips, which were assumed to be the average of the 
strengths of the adjoining strips. For example, the average strength of strips 3 and 
5 was assumed to be the strength of 4. In general this will be true, so that reliable 
results may be assured if the test is repeated several times. Each even numbered 
strip was split on a band knife machine into two layers. In 2 the splitting was 
done so that the grain layer was 10 and the flesh layer 90 percent of the total 
thickness; in 4 the grain was 20 and the flesh 80 percent of the total thickness; 
and so on. The strength of each split was then measured and compared with the 
calculated strength of the unsplit strip. 

For each kind of leather the entire experiment was repeated several times to 
insure reliable results, and these are plotted in Figs. 432 and 433. Each figure 
has a pair of cross lines and three curves, one of which represents the sum of 
the other two. The curves represent strength per unit width, not cross section. 
However, the strength per unit cross section can be obtained from the figures and 
its variation is indicated by the relation of the cuiwes to the cross lines. Where 
the curve is above its corresponding cross line the strength per unit cross section 
has been increased by splitting and where below, it has been decreased. Cutting 
away the grain layer to a depth less than 48 percent for the vegetable-tanned 
leather or less than 22 percent for the chrome increases the strength per unit 
cross section of the remaining flesh layer, because the grain portion of the leather 
is so much weaker than the flesh portion. 

Splitting always causes a loss in strength per unit width and the sum of the 
strengths of the two splits is always less than the strength of the unsplit strip. 
This is shown by the uppermost curve in each figure. The distance of this 
curve from the 100 line gives the total loss in strength of the leather due to 
splitting. If the chrome leather is split into two layers of equal thickness, the 
grain layer will be only 26 and the flesh layer 16 percent as strong as the unsplit 
leather, making a total loss of strength of the original leather of 58 percent. 

This excessive loss in strength of the flesh layer is the result of the severing 
of the fibers in splitting, which is likewise responsible for the great loss in strength 
of the leather as a whole. It does not indicate weakness of the reticular' layer 
compared with the thermostat layer. On the contrary, cutting away the thermostat 
layer (one-sixth of the total thickness) increases the strength of the flesh layer 
per unit cross section, while the grain layer suffers a loss with the removal of any 
amount of flesh layer. 

The greater looseness of structure of the chrome leather is responsible for the 
greater maximum total loss of strength, 60 percent for the chrome against only 
48 percent for the vegetable-tanned leather. This is also shown in the greater 
weakness of the chrome flesh layers. In the chrome leather the flesh is weaker 
than the grain when it is less than 53 percent of the total thickness ; in the vege- 
table-tanned leather the flesh is the weaker only when it is less than 41 percent 
of the total thickness. 

The writer’s experiments upon heavy leathers indicate that the effect of splitting 
is similar in kind but not in quantity to that here described. It must be remembered 
that the ratio of thickness of thermostat layer to reticular layer decreases with 
increasing thickness of the original skin. 

The resistance of the leather to stretch was found to vary directly with the 
strength. Measurements were made of the load in kilogranivS required to stretch 
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Plesh. Splits 

Per Cent of Total Tliictaesa 

Fig. 432. Relative Strengths of Splits of Vegetable-tanned Calf Leather Compared to 
Strength of Unsplit Leather. Average tensile strength of unsplit leather =4601 lbs. 
per sq. in. Average thickness of unsplit leather=2.29 oz. 



Plesli Splits 

Per Cent of Total Thickness 

Fig. 433. Relative Strengths of Splits of Chrome-tanned Calf Leather Compared to 
Strength of Unsplit Leather. Average^ tensile strength of unsplit leather : 3554 lbs. 
per sq. in. Average thickness of unspHt leather: 2.62 oz. 




654 


MODERN PRACTICE IN LEATHER MANUFACTURE 


•each strip to 1.25 times its initial length and this value was called R, or the 
resistance to stretch. Splitting caused a percentage decrease in the value of R 
for both grain and flesh splits identical with the percentage decrease in strength. 
Thus Figs. 432 and 433 may be used to indicate the resistance of the leather to 
stretch simply by calling the ordinates “percent of resistance to stretch of the 
unsplit leather.” 



Fig. 434. Effect of Splitting upon Tearing Resistance of Baseball Glove Leather Made 
from Packer Hides and Skins of Different Purchased Weights. 


Fleming, working in the writer^s laboratories, made a similar study of the 
effect of splitting upon the resistance of leather to tearing. He used a side upper 
leather which was chrome tanned, then retanned in hemlock bark extract, stuffed 
with wool grease, moellon degras and currier's wax, and flnished for heavy work 
shoes. Strips 1x6 inches were slit along the midline to the three-inch mark 
and torn on the Scott machine by clipping the slit ends in the jaws of the machine 
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and noting the load required to tear the strip. The unsplit leather required a load 
of 53 lbs. at a thickness of 5.04 oz. Splitting caused a decrease in resistance to 
tearing practically identical with the decreases in tensile strength shown in Figs. 
432 and 433. The effect of splitting is evidently similar upon tensile strength, 
resistance to stretching and resistance to tearing. 

It is a general rule that hides and skins have maximum strength when not 
split at all. If a leather of given weight is required, it would naturally be assumed 
that the weight of raw stock to select for maximum strength would be that 
requiring least splitting. That this assumption is not always true was shown by 
the following experiment. The writer was trying to determine the weight of 
raw stock that would produce maximum tearing resistance in baseball glove and 
mitt leathers of 5 to 6-ounce weights. He selected good packer stock of 10, 17, 
30, 40 and 51-lb. weights and converted them into glove leathers. Comparable 
areas of each from the butt were split into many grain layers of the thicknesses 
shown in Fig. 434. 

Each piece to be tested was cut into a square exactly 2x2 inches. A slit 
was made from the middle of one side to the center of the square. The jaws 
of the testing machine were brought together and the piece was clamped into both 
jaws so that the slit was between them. The device for recording stretch was 
attached and the machine was started. As the jaws pulled apart, the leather began to 
tear, and an increasing load was required until the tearing had proceeded far 
enough so that the fibers were pulling together; then the load decreased to con- 
tinue the tearing, which was evidently due to the increasing leverage created as 
the distance from the jaws to the point of tearing increased. The point of 
maximum load was naturally taken as the nearest approach to the true value for 
tearing resistance. The results shown in Fig. 434 were obtained by the writer’s 
assistant, Stewart L. Shehee. 

For thicknesses up to 3 oz,, the assumption holds perfectly, the strongest 
leathers being those of lightest initial weight. For a thickness just under 5 oz., 
the split 40-lb. cow is stronger than either the 17-lb. kip or the 30-lb. overweight 
kip. The highest point on each curve represents the full, unsplit thickness of 
the leather. For thicknesses above 5 oz., the strength increases as the ratio of total 
area to unsplit thickness, which is greatest for the 40-lb. cow and least for the 
overweight kip. 

Effect of Relative Humidity 

The water content of leather varies with the relative humidity of the atmosphere 
with which it is in equilibrium, and it has a measurable effect upon the strength 
and stretch of the leather. Wilson and Kern studied this effect on both chrome- 
tanned and vegetable- tanned calf leathers. In each experiment, they cut a strip of 
leather 7 by 25 inches from one side of a skin, with its length running parallel to 
the line of the backbone, its sides equidistant from backbone and belly edges, and 
its ends equidistant from head and tail ends of the skin. Each strip was then 
subdivided into 21 smaller strips of 7-inch length and numbered from 1 to 21 
beginning at the head end. These strips were allowed to reach equilibrium with 
an atmosphere of 50 percent relative humidity; they were then cut with a die to 
exactly 1 by 6 inches, and the thickness of each strip was measured. 

All the odd-numbered strips were kept in a chamber at a relative humidity of 
50 percent. Each of the even-numbered strips was kept in a separate chamber 
at a definite relative humidity, ranging from 0 to 100 percent in steps of 10 per- 
cent. After conditioning in this way for 46 days at 68° F., each strip was 
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Strip Niiiii'ber 

Fig. 435. Effect of Relative Humidity upon the Tensile Strength of Chrome-tanned Calf 
Leather. (To convert values to lbs. per sq. in., simply multiply them by 14.2.) 

measured for length, width and thickness and then tested for strength and stretch 
on a Scott machine equipped with a recording device for showing stretch as a 
function of load. As soon as each strip was tested, it was analyzed for water 
content. 

The results for the odd-numbered strips of the chrome-tanned calfskin are 
plotted in Fig. 431 in the form of a curve. In order to convert the values given 
into lbs. per sq. in., simply multiply by 14.2 the values given for kilograms per sq. 
cm. Since the tests were all made at 50 percent relative humidity, the curve 
may be taken as showing the variation in tensile strength from head to tail of the 
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original strip. In the method employed, it is assumed that the points for the even 
numbered strips would all have fallen on the curve, if the strips had been in equi- 
librium with an atmosphere of 50 percent relative humidity at the time of breaking. 

In comparing the results at different relative humidities, a complication arises 
in the change of volume of the leather with relative humidity. The volume of a 
given mass of chrome leather at zero relative humidity may increase 30 percent 
or more by the absorption of water when brought into equilibrium with saturated 
air. For this reason, if the effect of relative humidity upon equal masses of 
leather is to be measured, the cross sections must be measured at the same relative 
humidity and the load required to break the strips measured at the indicated 
relative humidity. 

In Fig. 435 the even numbered tests are recorded in two ways. First they 
are listed in kilograms per sq. cm. measured at the indicated relative humidity. 
But one cc. of the leather at zero relative humidity represents a greater mass of 
leather substance than one cubic centimeter at 50 percent relative humidity, 
making the value of tensile strength at zero relative humidity relatively greater 
than if given in terms of the same mass of leather as at 50 percent relative 
humidity. Similarly the tests made at relative humidities greater than 50 per- 
cent give tensile strength values lower than if given in terms of the mass of 
leather at 50 percent relative humidity. So the tests are also recorded in terms 
of the area of the cross-section which the leather had at 50 percent relative 
humidity. These values give the true effect of relative humidity by eliminating 
the variable volume change with relative humidity. 

The percentage gain or loss in tensile strength with changing relative humidity 
can be calculated by comparing the value for a given relative humidity with that 
of the intersection of a vertical line passing through the point with the continuous 
curve for 50 percent relative humidity. For example, at zero relative humidity 
the tensile strength is 229 kilograms per sq. cm. A vertical line through this point 
intersects the curve at a value of 333. Lowering the relative humidity from 50 
percent to zero has thus caused a percentage loss in tensile strength of 100-229/3.33 
or 31.3. 

The essential data for the chrome leather are given in Table 54. The water 
content increases from 1.95 to 70.37 grams per 100 grams of dry leather, with 
increasing relative humidity from zero to 100 percent. With a drop in relative 
humidity from 50 percent to zero, the area of the cross-section shrinks 10.6 per- 


Table 54. Effect of Relative Humidity upon the Strength and Stretch of Chrome- 

tanned Calf Leather. 

Percent Gain Percent 

or Loss in Strength Increase 



Grams 

Cross-section of Test 

at Indicated R. H. 

or Decrease 


Water 

Strip at . 

Per Unit 

in Stretch 

Percent 

Per 100 

indicated 

SO Percent 

Cross Section at 

Under Load 

Relative 

Grams Dry 

R. H. 

R. H. 

Indicated 

50 Per Cent 

of 225 Kg. 

Humidity 

Leather 

(Sq. Cm.) 

(Sq. Cm.) 

R. H. 

R. H. 

per Sq, Cm. 

0 

1.95 

0.211 

0.236 

-23.7 

-31.3 

2 decrease 

10 

8.97 

0.229 

0.246 

-19.0 

-24.0 

8 decrease 

20 

11.66 

0.230 

0.242 

-10.3 

-13.7 

5 decrease 

30 

14.81 

0.242 

0.251 

+ 1.7 

- 0.7 

8 decrease 

40 

16.07 

0.257 

0.261 

- 8.0 

- 8.4 

2 decrease 

50 

18.75 

0.264 

0.264 

0.0 

0.0 

no change 

60 

20.64 

0.269 

0.269 

+ 2.4 

+ 3.3 

19 increase 

70 

23.47 

0.277 

0.274 

4“ 5.2 

+ 7.4 

15 increase 

80 

27.41 

0.295 

0.287 

+ 8.4 

+13.0 

17 increase 

90 

32.64 

0.299 

0.284 

+ 8.8 

+ 15.5 

17 increase 

100 

70.37 

0.313 

0.284 

+28.4 

+42.8 

8 increase 
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Fig. 436. Variation in Tensile Strength of Chrome-tanned Calf Leather with Changing 
Relative Humidity of the Atmosphere. 

cent and with rise in relative humidity from 50 to 100 percent, the area increases 

10.2 percent. With the area at 50 percent relative humidity taken as unity, the 
extreme area change is 20.8 percent. The tensile strength varies from a loss of 

31.3 percent at zero relative humidity to a gain of 42.8 percent at 100 percent 
relative humidity, a total change of 74.1 percent. These results are plotted in 
Fig. 436. 

In Table 54 figures are also given for the percentage change in stretch as 
measured at the indicated relative humidity under a load of 225 kilograms per 
sq. cm. as measured at 50 percent relative humidity. The change in stretch 


Table 55. Effect of Relative Humidity upon the Strength of Vegetable-tanned 


Percent 

Calf Leather. 

Grams Water 

I^ercent Gain 

Relative 

Per 100 Grams 

or Loss in 

Humidity 

Dry Leather 

Tensile .Strength 

0 

4.21 

6.9 loss 

10 

8.46 

2.7 loss 

20 

10.62 

3.3 loss 

30 

11.71 

4.3 gain 

40 

13.00 

0.3 gain 

50 

16.08 

0.0 

60 

17.76 

2.0 loss 

70 

19.00 

0.3 loss 

80 

22.71 

2.0 loss 

90 

25.29 

5.4 loss 

100 

30.18 

6.1 gain 
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is too small compared to experimental error to give a clearly defined curve, but it 
is clear that the leather stretches more easily at higher relative humidities. 

The experiments with the vegetable-tanned leather showed the effect of rela- 
tive humidity on tensile strength to be smaller than the experimental error. This 
is illustrated in Table 55 where the percentage gain or loss is given as a function 
of relative humidity. The breaking load was measured at the indicated relative 
humidity and the area of the cross-section at 50 percent relative humidity. Where 
the area of the cross section is measured at the indicated relative humidity, the 
variation in strength is still less. The change in stretch is even less pronounced. 
The test was .repeated on two other skins with essentially the same result, namely, 
that variation in relative humidity has a negligible effect upon the tensile 
strength and stretch of this kind of leather. 

Two reasons may be assigned to the difference found between chrome and 
vegetable-tanned leather. The greater strength at higher relative humidities is 
apparently due to the lubricating value of the absorbed water. The greatest 
amount of water absorbed by the vegetable-tanned leather was 30.18 against 70.37 
for the chrome leather. In addition, the lubricating effect of the water would be 
less where the leather fibers are more thoroughly lubricated by oil and the vege- 
table-tanned leather contains approximately three times as much oil as the chrome 
leather. 

Veitch, Frey and Leinbach measured the strength and stretch of three sides of 
vegetable-tanned kip leather finished without any application of oils, greases, 
finishing materials or sizes; that is, they were finished in the “crust.*^ On an 
average, they showed by analysis only 0.2 percent of fat. Measurements were 
made at relative humidities of 35, 55, and 75 percent. Raising the relative 
humidity from 35 to 55 percent caused an increase in average tensile strength 
from 155 to 175 kilograms per sq. cm. and in percent stretch from 32 to 37. In 
another series, raising the relative humidity from 35 to 75 caused an increase in 
average tensile strength from 182 to 259 and in percent stretch from 25 to 38. 

Effect of Oil Content 

Wilson and Gallun made a study of the effect of oil content upon typical 
specimens of chrome-tanned calf and kid leathers. The effect of splitting was 
eliminated by using skins that had not been split. The effect of relative humidity 
was eliminated by keeping it constant at SO percent. The effect of location was 
eliminated by making it rigidly comparable for both kinds of leather and selecting 
a region showing greatest uniformity. The strips were cut from the region midway 
between head and tail and extending from a point 1 inch from the backbone line 
to a point 6 inches from it. The strips were cut with a die 1 by 6 inches with 
their lengths running parallel to the backbone line. 

Each strip was degreased with chloroform, soaked over night in a chloroform 
solution of known strength of neat’s-foot oil, freed from chloroform in a current 
of air for 48 hours, and then kept in an atmosphere of 50 percent relative humidity 
at 77° F. for 3 days. 

The measurements of strength and stretch were made on a standard Scott 
machine equipped with a recording device. The initial distance between the jaws 
was fixed at 6 inches. The thickness of each strip was measured just before testing 
and the water and fat contents were determined immediately thereafter. 

Wilson and Gallun made a number of comparative tests, but obtained essentially 
the same results in all and so published a description of only one. In this test, 
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the calf leather had an average thickness of 1.76 and the kid leather of 2.27 oz. The 
results are given in Fig. 437. 

With increasing oil content, both the leathers show a decreasing tendency to 
hold water. In a similar series kept at 50 percent relative humidity for 16 
days, the same differences in water content were found. 

The most outstanding difference is the much greater tendency for the kid 
leather to stretch, which has long been widely appreciated in a qualitative way 
from actual wear, which explains why kid shoes lose their shape so much more 
readily than those of calf. The reason for this greater tendency to stretch is 
found in the fact that goat skins, like sheep skins, have a structure very much 
looser naturally than calf skin, which can be seen by examining cross-sections of 
the raw skins. This loose structure also means that goat skins have less protein 
matter per unit cross-section, which explains why their leathers are so much 
weaker than calf leathers, where the latter possess enough oil to overcome the 
internal friction of the fibers. 



Load in Pounds per Square Centimeter of Lcatlier Cross Section. 

Fig. 437. Strength and Stretch of Chrome-tanned Calf and Kid Leathers as a 
Function of Oil Content. 

The calf leather increases steadily in strength with increasing oil content, 
which has but little effect upon the strength of the kid leather. This may possibly 
be attributed to the difference in fundamental structure of the two skins, but it 
is not so clear why the tendency to stretch with increasing oil content shows a 
point of maximum with both leathers beyond which there is an apparent decrease. 

Bowker and Churchill made a study of the effect of oils, greases and degree 
of tannage upon the tensile strength, stretch, and buckle strength of russet harness 
leather. They found an increasing tensile strength with increasing grease con- 
tent up to a certain amount above which the strength of the leather decreased. 
The points were so far apart that the critical amount of grease could not be 
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determined, but a side with 23.35 percent of grease was weaker than its mate, 
taken from the same hide, which showed only 10.70 percent of grease. Increasing 
the duration of the tanning process yielded leather of lower tensile strength, 
although the longer-time tannage produced a leather more resistant to shear 
when used with a buckle. They also found that the use of mineral oil did not 
affect the physical properties of new leather in a manner different from that 
caused by the use of cod oil. 

Effect of Kind of Tannage and Method of Finishing 

Bowker studied the effect of kind of tannage and method of finishing on the 
strength and stretch of leather in connection with the investigations of a special 


Table 56. Chemical Composition of Belting Leathers Used in Strength and Stretch Tests. 



— Vegetable . 

/ — Combination — . 

Chrome . 


Rough 

Finished 

Rough 

Finished 

Rough 

Finished 

Water solubles 

. 12.67 

10.00 





Hide substance 

. 43.29 

39.11 

45.88 

39.74 

67.68 

67.37 

Grease 

. 3.16 

12.61 

4.27 

17.22 

1.85 

15.30 

Moisture 

. 9.42 

8.42 

9.75 

8.05 

11.35 

11.65 

Insoluble ash 

. 0.12 

0.08 





Combined tannin 

. 31.34 

29.78 





Degree of tannage 

. 72.4 

76.1 





Soluble tannins 

. 9.53 

7.60 





Soluble non-tannins 

. 3.14 

2.40 





Glucose 

. none 

none 





Epsom salts 

none 

none 





Acid (P & S) 

. 0.42 

0.40 





Unsaponifiables 

. 24.0 

30.0 

10.0 

13.0 

none 

none 

Total ash 

. 0.28 

0.17 

3.49 

3.08 

7.35 

6.86 

Total sulfate 



2.05 

2.04 

4.79 

4.74 

Neutral sulfate 



0.47 

0.53 

0.68 

0.63 

Sulfuric acid 



1.96 

1.85 

5.03 

5.03 

Total chlorides 



0.05 

0.06 

0.40 

0.51 

Chromic oxide 



2.83 

1.70 

6.38 

6.00 

Aluminum and iron oxides . . , 



0.41 

0.46 

0.34 

0.21 


(P & S means that Procter & Searle test was used for determining acid.) 


Table 57. Effect of Tannage and Finish upon Strength and Stretch of Belting Leathers. 


Sample 

Hide 


f — Percentage Stretch — ^ 

At Stress 

of 2500 Lbs. At 

Tensile 

Strength 

Lbs./Sq. 

Direc- 

No. 

No. 

Tannage and Finish 

Per Sq. In. 

Failure 

Inch 

tion* 

1 

1 

Rough vegetable-tanned 

24.3 

30.0 

2950 

L 

2 

1 

Rough chrome-tanned 

44.0 

53.5 

2995 

L 

3 

2 

Rough vegetable-tanned 

21.3 

27.7 

2850 

C 

4 

2 

Rough chrome-tanned 

42.1 

51.7 

2780 

C 

5 

3 

Finished vegetable-tanned . . . 

13.2 

27.4 

5250 

L 

6 

3 

Finished chrome-tanned 

23.1 

35.6 

3395 

L 

7 

4 

Finished vegetable-tanned . . . 

16.4 

29.4 

4375 

C 

8 

4 

Finished chrome-tanned 

47.1 

56.4 

2830 

C 

9 

5 

Rough vegetable-tanned 

21.9 

31.5 

3310 

C 

10 

5 

Rough combination-tanned . . . 

19.6** 

27.1 

2110 

C 

11 

6 

Rough vegetable-tanned 

26.0 

31.4 

2865 

L 

12 

6 

Rough combination-tanned . . . 

32.7 

31.9 

2055 

L 

13 

7 

Finished vegetable-tanned . . . 

15.0 

29.7 

4840 

L 

14 

7 

Finished combination-tanned . . 

20.8 

30.9 

3505 

L 

15 

8 

Finished vegetable-tanned . . . 

21.6 

36.6 

4185 

C 

16 

8 

Finished combination-tanned . . 

31.1 

43.3 

3450 

C 


* Direction of cutting test pieces. L=Lengthwise, C— Crosswise. _ 

** Result probably too low since only few pieces had a strength of 2500 pounds per square inch. 
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committee of the American Leather Chemists' Association. Samples of belting 
leather were furnished by F. H. Small of Graton and Knight Co., Worcester, Mass. 

Eight hides were split down the back and tanned as indicated in Table 57 
so that comparisons could be obtained on leather from the same hide as to the 
strength and stretch of vegetable, combination chrome and vegetable, and straight 
chrome leathers, in both the rough and finished conditions. The leather was 
furnished in the form of bends. Each bend was cut into pieces approximately 
li by 6 inches from which a standard i-inch reduced section specimen was died 
out. Equal amounts of each type of leather were tested in the crosswise as well 
as the lengthwise direction of the hide. Physical tests made were for tensile 
strength in lbs. per sq. in., percent stretch at 2500 lbs. per sq. in. cross-section 
and percent stretch at failure. The chemical compositions of these leathers are 
given in Table 56 and the results of the physical tests in Tables 57 and 58. 


Table 58. 


Tensile strength, Ibs./in.^ 
Lengthwise direction 
Crosswise direction 
Percent stretch at stress 
of 2500 Ibs./sq. in. 
Lengthwise direction 
Crosswise direction 
Percent stretch at failure 
Lengthwise direction 
Crosswise direction 


Summary of Results Given in Table 57. 


r — V egetable — ^ 
jRough Finished 

^ Combination — 
Rough Finished 

r Chrome , 

Rough Finished 

2905 

5045 

2055 

3505 

2995 

3395 

3080 

4280 

2110 

3450 

2780 

2830 

25.2 

14.1 

32.7 

20.8 

44.0 

23.1 

21,6 

19.0 

19.6 

31.1 

42.1 

47.1 

30.7 

28.6 

31.9 

30.9 

53.5 

35.6 

29.6 

33.0 

27.1 

43.3 

51.7 

56.4 


From the results of the physical measurements, Bowker drew the following 
conclusions : 

1. The finished vegetable- tanned leather is much stronger than either the finished com- 
bination or chrome-tanned leathers. 

2. The finished vegetable-tanned leather shows less stretch, both at a definite stress and 
at failure than either the finished combination or chrome-tanned leathers. 

3. The combination-tanned leather shows the greatest percentage increase in strength 
due to the finishing process, and the chrome leather the least. The approximate per- 
centage increases are combination 70, vegetable 40, chrome 10. 

4. The vegetable and chrome rough leathers have about the same strength while the 
combination is about 30 percent weaker. 

5. The finished vegetable and chrome leathers are stronger in the lengthwise direction 
while the finished combination leather is about the same in both the lengthwise and 
crosswise directions. 

6. The rough leathers for each tannage have about the same strength and stretch in 
both directions. 

7. One marked effect of the finishing process for all tannages is to materially reduce the 
stretch at a definite stress in the lengthwise direction. In the crosswise direction it 
remains about the same as for the rough leathers. 

8. The ultimate stretch is about the same for the finished leathers as for the rough 
leather with the exception of the finished combination in the crosswise direction which 
is materially increased and the finished chrome-tanned leather in the lengthwise direc- 
tion which is materially reduced. 

Bowker also studied the effect of the kind of tannage upon the strength and 
stretch of slieep leathers furnished by E. W. White of A. C. Lawrence Leather 
Co., Peabody, Mass. The chemical analyses were not given. Table 59 gives the 
results of the strength and stretch tests. 

It will be noted that the sheep leather is much stronger in the lengthwise 
direction than in the crosswise direction regardless of the type of tannage and 
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Table 59. Effect of Kind of Tannage upon the Strength and Stretch of Sheep Leathers. 


Sample* 

Tannage** 

Average 

Thickness 

Inches 

— Percent Stretch — ,, 

At At 

1000 Lbs. Failure 

Per Sq. In. Percent 

Tensile 
Strength 
Lbs. Per 

Sq. In. 

Direc- 

tion*** 

1 

c 

0.035 


47.0 

2915 

L 

4 

c 

.038 


42.0 

3440 

L 

5 

c 

.034 

25.5 

43.8 

2440 

L 

lA 

V 

.037 


37.2 

3325 

L 

4A 

V 

.044 


36.5 

4125 

L 

5A 

V 

.038 

18.2 

35.3 

2995 

L 

2 

c 

.039 

64.7 

90.2 

2305 

C 

3 

c 

.030 


90.0 

2120 

C 

6 

c 

.029 


80.7 

1595 

C 

2A 

V 

.038 

614 

85.8 

2355 

C 

3A 

V 

.036 


76.5 

2515 

C 

6A 

V 

.031 


87.3 

1755 

C 

1A-4A-5A 

V 

0.040 

Summary 

36.3 

3495 

L 

2A-3A-6A 

V 

.035 


82.9 

2280 

C 

1-4-5 

c 

.036 


44.3 

2900 

L 

2-3-6 

c 

.032 


86.8 

1995 

C 


* 1 and lA, 2 and 2 A, etc., sides of the same skin. 

** C=r Chrome, V=Vegetable. 

*** Direction of cutting test pieces; L=Lengthwise, C==Crosswise. 


that the percent stretch is approximately double in the crosswise direction what 
it is in the lengthwise direction. The finishing methods may have an influence 
on those properties. The vegetable-tanned leathers are stronger and stretch less 
than the chrome-tanned leathers. 

The effect of the kind of tannage for calf leathers is included in the section 
above dealing with the effect of location. 

Strength, Stretch and Tearing Resistance of Various Satisfactory Leathers 

In Table 50 (p. 643), the chemical compositions of a great variety of com- 
mercial leathers are given. To the extent that values for strength, stretch and 
tearing resistance of these leathers are available, they are given in Table 60. 
These values are not to be considered as standards, but they were all obtained by 
direct measurements of leathers known to be satisfactory in service. In some 
cases, the values given represent averages obtained from many hundreds of hides 
or skins; in others, they represent determinations made on only a single sample. 

For any one hide or skin, three samples were taken for testing: one from the 
shoulder, one from the butt and one from a point intermediate between the other 
two. The three sets of results are averaged. 

Ventilating Properties of Leather 

It is well recognized that a foot housed in a compartment impervious to water 
and air cannot be comfortable, and most people have experienced the discomfort 
attending the wearing of rubbers for any great length of time. The animal body 
gets rid of its excess heat by the evaporation of perspiration from the surface 
of the skin. If the foot is so confined that the perspiration at its outer surface 
cannot diffuse away or evaporate, it will become hot and uncomfortable. The 
perspiration inside the shoe tends to maintain a relative humidity of 100 percent 
in the confined atmosphere. In order to prevent discomfort, the leather of the 
shoe must remove the water from this inner, humid atmosphere and pass it on to 
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Table 60. Strength and Stretch of Various Satisfactory Leathers (See Table 50). 




Lbs. to 

Tensile 

% Stretch 

% Stretch 

% Stretch 

Tearing 


Av. 

break 

strength 

at 1000 

when 

when 

resis- 

Kind of leather 

thickness 

1 in. 

(lbs. per 

lbs. per 

grain 

leather 

tance 

(oz.) 

width 

sq. in.) 

sq. in. 

cracked 

broke 

(lbs.) 

Bag (vegetable cow) 

7.64 

530 

4699 

15 

38 

38 

20 

Basketball (veg. steer) 

4.28 

179 

2679 

24 

41 

41 

14 

Belting (vegetable steer) . . . 

11.84 

1096 

5912 

6 

25 

25 

62 

Belting (Gambier steer) .... 

12.02 

483 

2625 

7 

18 

18 

38 

Boxing glove (chrome sheep) 

2.72 

96 

2491 

36 

46 

57 

3 

Buck (chrome cow) 

2.32 

103 

2854 

11 

29 

29 

4 

Calf (chrome-tanned) 

2.39 

163 

4358 

8 

34 

36 

5 

Calf (vegetable-tanned) . . . 

3.15 

240 

6096 

5 

29 

29 

8 

Cordovan (veg. horse butt) 

2.82 

71 

1803 

22 

28 

28 

4 

Deerskin (chrome-tanned) . . 

5.39 

577 

6734 

26 

58 

58 

— 

Elk side (chrome cow) 

4.49 

419 

5768 

10 

40 

42 

26 

Football (veg. steer) 

5.62 

475 

5460 

11 

39 

39 

20 

Furniture (veg. cow) 

3.70 

74 

1586 

18 

27 

27 

— 

Garment (chrome horse fr.) 

3.53 

336 

6093 

14 

— 

60 

39 

Garment (chrome sheep) .... 

2.82 

85 

2003 

21 

26 

31 

2 

Glove (chrome cow belly) . . 

3.55 

117 

2175 

29 

37 

49 

16 

Glove (chrome horse front) 

4.94 

288 

3857 

30 

59 

59 

25 

Hairy (veg. steer) 

18.82 

1708 

5808 

6 

23 

23 

104 

Harness (veg. steer) 

12.50 

758 

3873 

12 

32 

32 

57 

Kangaroo (chrome-tanned) . . 

1.31 

147 

7214 

15 

43 

40 

9 

Kid (glazed chrome) 

1.86 

139 

5075 

19 

59 

4 

Kid (lining chrome) 

2.02 

116 

3732 

12 

25 

27 

2 

Patent colt (chrome-tanned) 

3.60 

183 

4648 

22 

40 

42 

17 

Patent kid (chrome-tanned) 

2.42 

117 

3081 

20 

39 

40 

15 

Patent side (chrome cow) . . 

2.75 

55 

1278 

20 

25 

25 

4 

Pigskin belt (veg. tan) 

6.48 

221 

2184 

12 

2 1 

2 1 

— 

Shearling (chrome-tanned) . . 

2.24 

40 

1136 

32 

28 

39 

— 

Shearling (veg. tan) 

3.68 

106 

1422 

25 

34 

38 

— 

Sheepskin lining (veg.) 

2.19 

97 

2840 

14 

31 

31 

4 

Side upper (chrorae-retan) . . 

6.25 

480 

4913 

15 

— 

40 

62 

Side upper (chrome cow) . . . 
Sole (chrome-retan horse) . . . 

3.25 

228 

4484 

10 

30 

34 

12 

10.79 

354 

2112 

7 

21 

21 

— 

Sole (chr'ome-retan steer) . . . 

15.20 

370 

1539 

14 

32 

32 

36 

— 

Sole (chrome steer) 

14.19 

821 

3365 

5 

36 


Sole (veg. steer) 

13.53 

713 

3409 

4 

14 

15 

• — 

Su^de (chrome calf slunk) . . 

1.59 

55 

2215 

18 

18 

28 

2 

Split (chrome-tanned cow) . . 
Waterproof upper (chrome) 

3.15 

6.60 

168 

298 

3422 

2857 

23 

17 

49 

38 

49 

40 

10 

Waterproof sole (veg.) 

11.89 

510 

2705 

8 

21 

21 

— 

Workshoe upper (chrome) . . 

6.38 

114 

911 

61 

26 

55 

■ — 

White kid (chrome) 

1.56 

124 

4740 

7 

26 

32 

3 


the outer atmosphere of lower relative humidity. Good shoe leather has the power 
to do this very effectively. 

In attempting to analyze the ventilating power of leather, the author has 
picked this property as being one of the most important and has devised a method 
for measuring it. The property has been referred to as ‘‘permeability to water 
vapor.” 

Permeability to Water Vapor 

The essential part of the apparatus used to measure the power of leather to 
conduct water from an atmosphere of high to one of low relative humidity is shown 
in Fig. 438. It consists of a small wide-mouth bottle fitted with a screw cap, in 
which a hole 1.4 cm. in diameter has been cut. The leather sample is cut with 
a circular die having the same diameter as the two brass disks used — namely, 
3.0 cm. (1.18 inch). In the center of each disk a hole is cut exactly 1.27 cm. in 
diameter which allows an area of exactly 1.267 sq. cm. of leather to be exposed. 
The leather is placed between these two brass disks and set into the cap as shown. 
A tightly fitting cork having a hole in its center 1.4 cm. in diameter is then inserted. 
The cork resting on the rim of the bottle effects a water-tight seal. 

Some pure sulfuric acid is put into the bottle and then bottle and acid, without 
the cap, are weighed. The cap containing the leather is then screwed into place 
and the whole is placed into an ordinary individual desiccator containing water, 
and this in turn is submerged in a large Freas thermostat constant to 0.01° C. The 
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acid inside the bottle tends to maintain an atmosphere of practically zero relative 
humidity, while the water in the desiccator tends to maintain an atmosphere of 
100 percent relative humidity. The only way that water can pass from the 
outer humid atmosphere to the inner dry one is through the leather. In order to 


A — ^Aluminum screw cap with hole 
1.4 cm. diam. 

B — Disk of leather sandwiched be- 
tween two brass disks each with a hole 
exactly 1.27 cm. (i inch) diam. 

C — ^Tightly fitting cork with hole 
1.4 cm. diam. 

D — Bottle of 70 cc. capacity. 


Fig. 438. Apparatus to Measure Rate of Passage of Water through Leather from an 
Atmosphere of High to One of Low Relative Humidity. 

determine how much water has passed through the 1.267 sq. cm. of leather area 
in unit time, it is only necessary to remove the bottle and weigh it with the cap 
removed. The object in removing the cap before weighing each time is to avoid 
fluctuations due to the changing water content of the leather and cork. Wilson 
and Lines used this apparatus in an investigation of the ventilating properties of 
typical leathers and of the effects of important variable factors. 

Effect of Temperature 

In studying the effect of temperature two series of these pieces of apparatus 
were set up. In one series the caps contained disks of vegetable-tanned calf leather 
all taken from the butt of the same skin. In the other series no leather was used, 
but the holes in the disks allowed free contact of the wet and dry atmospheres 
over the area of 1.267 sq. cm. In the leather series, all grain surfaces were exposed 
to the dry and the flesh surfaces to the wet atmosphere, as would be the case in 
the wearing of a shoe. The desiccators were placed in thermostats at different 
temperatures and the bottles were weighed once each day for a week. The gain in 
weight per day varied only very slightly throughout the week. The results are 
shown in Table 61 and in Fig. 439. 

Table 61. Effect of Temperature upon Passage of Water from an Atmosphere of 100% 
Relative Humidity to One of Zero Humidity Across an Area of 1.267 sq. cm. through 
Free Space and through Vegetable-tanned Calf Leather. 


Temperature 

Milligrams water per 24 hrs. passed through 

Ratio (%) 

(X.) 

(°F.) 

leather 

free space 

5 

41 

71 

98 

72 

20 

68 

192 

286 

67 

25 

77 

236 

360 

66 

30 

86 

328 

505 

65 

35 

95 

430 

660 

65 

40 

104 

560 

863 

65 

45 

113 

765 

1214 

63 
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In order to convert milligrams water per 1.267 sq. cm. o£ leather into ounces 
per sq. ft. of leather, simply multiply by 0,0258. Thus at a temperature of 77° F. 
each sq. ft. of leather is passing 6.1 ounces of water per day. The particular 
leather used in these tests had been finished in such manner as to give it water- 
repelling properties in shedding rain and yet it passed approximately two-thirds 


Fig. 439. 

Effect of Temperature 
upon Passage of Water from 
an Atmosphere of 100% Rel- 
ative Humidity to One of 
Zero Humidity through Free 
Space and through Vege- 
table-tanned Calf Leather. 


5 10 15 20 25 30 35 40 45 

Temperature 

as much water as that passing through free space of the same area. This is one 
of the very important properties of leather that make it so valualile for sfioes and 
garments. 

Effect of Relative Humidity 

Although the relative humidity of the air inside the shoe during wear tends to 
be maintained at 100 percent, that of the outside air is very variable. From the 
description of the thermostat mechanism of the skin given in Chapter 1, it will 
be appreciated how very important it is for health and comfort that the body 
never be covered by anything that will stop the continuous evaporation of perspira- 
tion. It is important to know how much increasing relative humidity of the 
atmosphere retards the evaporation of water from the inside of a shoe in wear. 
When pure sulfuric acid is kept in an enclosed space, it removes all the water 
from the sjjace above it and tends to maintain an atmosphere of ztvo humidity. 
By making ajjjjropriate dilutions of the acid, atmospheres of any desired relative 
humidity can l)e maintained. Bottles were made up with acid of such concen- 
trations as to maintain relative humidities of 0, 20, 40, 60, 80 and 100 percent, 
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respectively and the tests were repeated on the same sample of leather at 25° C. 
The results are shown in Table 62 and Fig. 440. 


Table 62. Effect of Relative Humidity of One Atmosphere upon Passage of Water into 
It from an Atmosphere Kept at 100% Relative Humidity Across an Area of 1.267 
cm. through Free Space and through Vegetable-tanned Calf Leather at 25° C. 
(77 F.). 


Relative 

Milligrams water per 24 hrs. passed through 


humidity C%) 

leather 

free space 

Ratio (%) 

0 

236 

360 

66 

20 

179 

282 

63 

40 

143 

217 

66 

60 

91 

134 

68 

80 

51 

78 

65 

100 

0 

0 



The rate of passage of water in both series appears to be a straight-line function 
of the difference in relative humidity between the two atmospheres, and the ratio 
of the rate of passage through the leather to the rate of passage through free 
space appears to be constant at 66 percent at all relative humidities. Since this 
ratio appears to be independent of temperature and of difference in relative humidity, 
it can be used as a constant characteristic of any given sample of leather. The 
writer has used it to indicate the degree of permeability of leather to water vapor 
and the value for this particular sample of calf leather is 66 percent. 


Fig. 440. 

Effect of Relative Hu- 
midity of One Atmosphere 
upon Passage of Water into 
It from an Atmosphere Kept 
at 100% Relative Humidity 
Across an Area of 1.267 sq. 
cm. through Free Space and 
through Vegetable-tanned 
Calf Leather at 25° C. 
(77° F.). 



Per Cent Relative Humidity of Atmosphere 


Relative Porosity 

The apparatus designed by the writer to measure the porosity of leather is 
shown in Fig. 441. 

A disk of leather is cut with a die 3 cm. (1.18 in.) in diameter, exactly as in 
the determination of permeability to water vapor, and clamped in the brass 
receptacle B. D is then screwed so tightly into B that no air can pass through the 
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system without passing through the leather. The vacuum pump is then run 
so as to maintain a constant reading of 25 in. on the vacuum gage. The amount 
of air passing through the leather is measured by the volume of water passing from 
bottle F to bottle E, which can be read directly from the calibration marks on bottle 
E. The relative porosity is defined as the number of cc. of air passing through 
1 sq. cm. of leather per minute when the gage reading is constant at 25 in. 



A : Outlet to vacuum pump. 

B: Brass receptacle for holding 
leather, hole i-inch diam., outer 
well 1.18-inch diam. 

C: Leather disk 1.18-inch diameter, 

D: Brass plug with screw to fit into 
B and with hole i-inch diameter. 

E: Calibrated water bottle to measure 
rate of passage of air through 
leather disk. 



Fig. 441. Apparatus for Measuring Porosity of Leather. 


Effect of Oil Content 

A series of disks of vegetable-tanned calf leather was completely degreased 
with chloroform and then soaked in chloroform solutions of neatsfoot oil of 
different strengths. The disks were then freed from chloroform and used in the 
tests, after which the oil contents were determined. The results are shown in 
Fig. 442. 

Increasing the oil content of the leather decreases both permeability and porosity, 
but the nature of the decreases is not the same in both cases, as will be noted by 
studying the curves in Fig. 442. 

Effect of Finishing 

Disks of unfinished vegetable-tanned calf leathers were given successive coat- 
ings of finishing material, between each of which they were dried and polished with 
wool. The amount of dry material used in each coating was measured by the 
weight of the wet coat applied, determined by noting the loss in weight of the 
bottle containing the finish. In one series, an aqueous solution of casein was used 
and in the other a solution of collodion in a mixture of alcohol and ether. The 
results are shown in Figs. 443 and 444. 
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Fig, 442. Effect of Neatsfoot Oil on the Ventilating Properties of Vegetable-tanned 

Calf Leather. 

The amounts of finishing materials used are given in terms of milligrams of 
dry material per 100 sq. cm. of leather. To convert this into lbs. of dry material per 
1000 sq. ft. of leather, simply multiply by 0.0205. For example, where 100 milli- 
grams of dry material was used per 100 sq. cm. of leather, there was used 2.05 lbs. 
of dry material per 1000 sq. ft. of leather. 

Varo, working in the author’s laboratories, made a very extensive study of 
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Fig. 443. Effect of Casein Finish on the Ventilating Properties of Vegetable- 

tanned Calf Leather. 
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the effects of various finishes and methods of finishing upon the permeability of 
leather to water vapor and upon its relative porosity. He studied first the effect 
of glazing colored chrome calf leather to which no finishing material had been 
applied. The initial permeability value was 88. The first glazing reduced it to 
80, the second to 78, and the third to 76. Subsequent graining or boarding did 
not change this value. The relative porosity was initially 600. The first glazing 
reduced it to 300, the second to 180, and the third to 170. Subsequent graining 
brought it back to 250. This work was repeated with the application of a great 
variety of finishing materials preceding each glazing. 

Shellac preparations caused a greater decrease in ventilating properties than 
protein finishes. Pressure-treated gelatin, gum arabic, soluble starch, and linseed 
extracts increased the ventilating power over that of leather glazed without finish- 
ing. Waxes, sulfonated oils, pigments, dyes, and varnishes all decreased the 



LTg, Collodion per 100 Sq, Cm, Lsather 

Fig. 444. Effect of Collodion Finish on the Ventilating Properties of Vegetable- 

tanned Calf Leather. 

ventilating properties. The great decrease in ventilating properties caused by 
lacquers and varnishes in making patent leather was shown to be due primarily 
to the large quantities applied; when applied in quantities comparable with the 
amounts of shellac, casein, and other finishing materials ordinarily used on leathers, 
it caused no greater decrease in ventilating power. The graining or boarding of 
leathers after finishing and glazing causes an increase in ventilating power, 
probably because this operation produces tiny breaks in the hardened film of fin- 
ishing material. 

Directional Effects 

In making tests with ordinary chrome or vegetable-tanned calf leathers, Wilson 
and Lines found the permeability to water vapor to be practically the same whether 
the grain or the flesh side was exposed to the humid atmosphere. With patent 
leathers, however, a big difference was found. With the flesh side toward the 
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humid atmosphere, the permeability factor, in one test, was 6, but with the grain 
side toward the humid atmosphere, it was 20. In other words, the water passed 
through the leather in one direction more than three times as fast as in the other. 
This finding is worthy of further study. 

In actual wear, two kinds of transmission of water are involved: the passage 
of water from a humid to a dryer atmosphere and the actual passage of liquid 
water in contact with the leather. As long as the relative humidity of the outer 
air is less than 100 percent, it is natural to suppose that water passes continuously 
from the foot through the leather of the shoe to the outer air. There should never 
be any back passage because the foot tends to keep the air inside the shoe saturated 
with water. But when the shoe is brought into direct contact with water, a 
diffusion of water through the leather will start as soon as the surface has been 
wetted. In making leather, it is possible to finish it so as to make it very difficult 
to wet on the grain side without greatly lowering the permeability of the leather 
to water vapor. This has the practical effect of making a one-way water trap. 
The moisture from the foot can pass out through the leather quite freely, but 
liquid water on the outside is kept from entering because of the difficulty of wetting 
the leather surface. The mechanism by which the water is passed through the 
leather in the two cases is probably very different. 

Ventilating Properties of Various Leathers 

The ventilating properties and average thicknesses of a number of commercial 
leathers are given in Table 63. 


Table 63. Ventilating Properties and Thicknesses of Various Commercial Leathers. 


Kind of leather 

Buck (chrome-tanned cow) . . . 

Calf (chrome-tanned) 

Calf (chrome-tanned) 

Calf (chrome-tanned) 

Calf (vegetable-tanned) 

Calf (vegetable-tanned) 

Calf (vegetable-tanned) 

Colt (vegetable-tanned) 

Cordovan (veg. horse butt) . . . 

Deer (vegetable-tanned) 

Garment (veg. sheep) 

Harness (veg. cow) 

Hog (chrome-tanned) 

Hog (vegetable-tanned) 

Hunting boot (chrome cow) . . . 
Kangaroo (chrome-tanned) . . 

Kid (glazed chrome) 

Kid (glazed chrome) 

Kid (glazed chrome) 

Patent colt (chrome-tanned) . . . 
Patent kid (chrome-tanned) . . . 

Patent side (chrome cow) 

Shark (vegetable-tanned) .... 

Sheepskin lining (veg.) 

Side upper (chrome cow) . . . 
Side upper (chrome-retan) . . . 

Sole (chrome steer) 

Sole (vegetable steer) .•••••• 

Su^de (chrome calf slunk) . . . 
Workshoe upper (chrome cow) 

For comparison: 

White duck 

Rubber 


Thickness 

Permeability 
to water vapor 

Relative 

(oz.) 

(%) 

porosity 

2.22 

95 

1183 

3.10 

76 

789 

2.77 

76 

592 

2.52 

70 

67 

3.10 

82 

635 

3.53 

72 

383 

2.72 

70 

197 

4.71 

74 

427 

2.90 

54 

41 

3.86 

75 

231 

4.44 

75 

194 

13.18 

5 

0 

4.13 

61 

121 

4.66 

76 

1750 

7.66 

36 

22 

1.31 

65 

185 

1.84 

70 

249 

2.42 

52 

5 

2.29 

70 

375 

3.60 

5 

0 

2.42 

9 

0 

2.75 

6 

0 

2.24 

89 

1416 

2.19 

78 

251 

3.07 

74 

369 

6.25 

52 

143 

12.10 

4 

0 

15.93 

34 

43 

1.59 

97 

1820 

6.53 

38 

45 

1.54 

94 

3380 

2.52 

0 

0 


Dimensional Changes in Leather with Relative Humidity 

Being engaged in the manufacture of both chrome-tanned and vegetable-tanned 
calfskins for shoe uppers, Wilson and Gallun had many occasions to study differ- 
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dices in properties between leathers of the two kinds of tannage. In many tests, 
they cut calfskins into sides along the line of the backbone and tanned one side of 
each skin with chrome and the other side with vegetable-tanning materials. They 
would then have a pair of shoes made from each side at the same time and on the 
same last. This provided two pairs of shoes for each test. They would wear a 
left shoe of chrome leather and a right shoe of vegetable-tanned leather for a 
while and then alternate, wearing a left shoe of vegetable-tanned leather and a 
right shoe of chrome. They thus established that in the varying climate of 
Milwaukee the shoes of vegetable-tanned leather were more comfortable and held 
their shapes better than the corresponding shoes of chrome-tanned leather. 

A careful investigation revealed that all shoes change in size with changes in 
relative humidity of the atmosphere, but that the magnitude of the change is 
much greater for chrome-tanned than for vegetable-tanned leather. Leather 
absorbs water very readily from moist air, increasing in volume and in area. 
It gives up water readily in dry air, shrinking correspondingly in volume and area. 



Fig. 445. Effect of Relative Humidity of the Atmosphere upon the Water Content of 
Chrome-tanned and Vegetable-tanned Calf Leathers. 

^ Wilson and Gallun developed a method for determining this effect quantitatively. 
Air-tight chambers were set up containing atmospheres maintained at 0, 20, 40, 
60, 80 and 100 percent relative humidities, respectively. Strips of finished leather 
were cut to a standard size when in equilibrium with an atmosphere of 50 percent 
relative humidity. For each leather being tested, a standard strip was placed in 
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each chamber of constant relative humidity and left there until it had reached 
equilibrium; that is, until it underwent no further change in weight or in area 
with time. The area of each strip was then measured with precision and its water 
content was determined. 



Fig. 446. How the Areas of Chrome-tanned and Vegetable-tanned Calf Leathers Increase 
with Increasing Relative Humidity of the Atmosphere. 

In the chambers at relative humidities below 50 percent, all strips lost weight 
and shrank in area to increasing extents the lower the relative humidity. In the 
chambers at relative humidities above 50 percent, all strips gained weight and 
increased in area to increasing extents the higher the relative humidity. 

For comparable sides of finished chrome-tanned and vegetable-tanned calfskins 
made from the same skin, the results are shown in Figs. 445 and 446. Fig. 445 
shows the parts of water per 100 parts of dry leather held by the leather when 
in equilibrium with atmospheres of different relative humidity. In this test, the 
strips of leather were kept in the chambers of constant relative humidity for 32 
days to make sure that equilibrium was established. At zero relative humidity, both 
leathers still contained 3.5 parts of water per 100 parts of dry leather; in the 
case of the chrome leather, this increased with relative humidity to 53.2 against 
only 35.4 for the vegetable-tanned leather. 

Fig. 446 shows the effect of water absorption upon the areas of the strips. The 
area at zero relative humidity is taken as unity and the percentage increase due to 
water absorption calculated from this. The curve for the chrome leather is of 
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Table 64. Water Contents o£ Various Leathers after 30 Days’ Contact with Atmospheres 
of Different Relative Humidities. 


Grams Water per 100 Grams Dry Leather After 30 Davs 


Sample 

Kind 

^ 

at 

Relative 

Humidity 

of Pen 

:ent — — 


No. 

of Leather 

0 

20 

40 

50 

60 

80 

10? 

1. 

Vegetable calf 

1.4 

10.8 

14.0 

15.7 

17.9 

21,2 

39.6 

2. 

Chrome calf 

2.1 

12.4 

18.1 

19.5 

21.0 

27.9 

53.4 

3. 

Glazed kid (C) ... 

2.9 

10.6 

14.2 

15.9 

18.1 

27.3 

62.2 

4. 

Kangaroo ( C) .... 

0.4 

9.3 

12.6 

13.6 

15.4 

22.8 

51.7 

5. 

Cordovan (V) .... 

1.8 

7.0 

9.8 

11.1 

11.8 

15.6 

22.9 

6. 

Buck (C) 

2.2 

11.7 

15.4 

16.4 

17.4 

25.1 

47.8 

7. 

Chrome side 

1.8 

12.1 

17.2 

19.5 

20.8 

25.9 

54.5 

8. 

Suede (C) 

0.3 

9.4 

13.4 

14.5 

15.8 

20.9 

59.5 

9. 

Calf lining (V) ... 

0.9 

8.8 

12,1 

13.5 

16.1 

19,6 

32.0 

10. 

Sheep lining (V) . . 

1.1 

8.2 

11.3 

12.2 

14.6 

19.6 

48.4 

11. 

Shark (V) 

2.4 

10.2 

12.7 

13.9 

14.3 

17.1 

38.1 

12. 

Patent side (C) ... 

0.7 

8.5 

10.4 

11.2 

12.6 

18.5 

36.9 

13. 

Patent kid (C) 

1.9 

10.5 

12.7 

13.4 

14.6 

20.7 

39.5 

14. 

Patent colt (C) ... 

2.0 

9.6 

12.4 

13.6 

15.1 

22.7 

57.S 

15. 

Heavy chrome .... 

1.2 

12.9 

15.1 

16.8 

17.7 

2L9 

49.6 

16. 

Chrome retan 

4.4 

12.5 

16.4 

17.8 

18.4 

21.1 

37.8 

17. 

Vegetable sole 

3.4 

12.2 

17.0 

17.1 

18.3 

21.7 

43.6 

18. 

Chrome sole 

8.6 

14.9 

18.1 

19.5 

20.6 

24.5 

50.4 

(C) 

indicates chrome tannage; 

(V) indicates 

vegetable 

tannage. 






the same general shape as that for water absorption, with a point of inflection 
at about SO percent relative humidity, but that for the vegetable-tanned leather has 
two points of inflection. This might have been attributed to experimental error 
were it not for the fact that it occurred also with other vegetable-tanned leathers 
examined. 

The processes were found to be entirely reversible and the rate of approach 
towards equilibrium similar for the two kinds of leather. When the dry leather 
is put into a desiccator at 100 percent relative humidity, in the first day it takes 


Table 65. Area Change of Various Leathers with Increasing Relative Humidity of 

the Atmosphere. 


Sample 

No. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 


Kind 

of Leather 


Percent Increase in Area with Increasing Relative 
Humidity Above Zero 


Vegetable calf 3.6 

Chrome calf 7.7 

Glazed kid (C) 3,4 

Kangaroo (C) 5.7 

Cordovan (V) 2.0 

Buck (C) 

Chrome side 6.7 

SuMe (C) 8.0 

Calf lining (V) 5.3 

Sheep lining (V) 4.2 

Shark (V) 4.0 

Patent side (C) 15 

Patent kid (C) 5.3 

Patent colt (C) 4.5 

Heavy chrome 7.1 

Chrome retan 6.5 

Vegetable sole 1.0 

Chrome sole 3,8 



40 

I'ercent Rela 
50 

tive Humi 
60 

dity 

80 

100 

3.6 

4.2 

4.5 

4.8 

5.5 

5.7 

7.7 

10.0 

10.3 

11.5 

12.4 

16.0 

3.4 

4.6 

4.8 

5.5 

7.5 

15.6 

5.7 

6.9 

6.9 

7.5 

10.9 

19.0 

2,0 

3.0 

3.0 

3.2 

3.4 

4.0 

6.7 

7.5 

7.7 

8.8 

10.5 

14.7 

6.7 

7.7 

8.0 

9.2 

10.5 

15.8 

8.0 

10.7 

10.9 

11.7 

11.9 

13.8 

5.3 

6.5 

6.7 

6.9 

7.5 

9.2 

4.2 

5.5 

5.5 

5.9 

8.2 

9.4 

4.0 

4.9 

5.1 

5.3 

5.7 

8.0 

5.5 

6.3 

6.3 

6.9 

8.6 

lO.S 

5.3 

5.9 

6.1 

6.5 

7.1 

9.6 

4.5 

6.3 

6.3 

6.5 

8.2 

13.0 

7.1 

8.0 

8.0 

9,2 

10.9 

16.9 

6.5 

7.7 

8.0 

8.4 

9.0 

11.5 

1.0 

1.4 

2.7 

3.0 

3.0 

5.5 

3,8 

4.5 

5.9 

6.3 

7.7 

13.0 

ites 

vegetable tannage. 
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up 50 percent and in 2 days 60 percent as much water as it will take 
up in a total time of 1 month, the same being true for either chrome or vegetable 
leather. Leathers kept over water for a month and then placed over pure sul- 
furic acid gave up 70 percent of their water the first day and 85 percent by the 
end of the second day. The changes in area correspond to the changes in water 
content. 

Wilson and Kern measured the increase in area and water content with increas- 



0 10 SO so 40 60 60 70 80 90 100 

RelatiTe Humidity of Atmosphere 


Fig. 447. Percentage Increase in Area of Various Leathers with Increasing Relative 
Humidity of the Atmosphere. 
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ing relative humidity of 18 typical shoe leathers. The samples were kept in an 
atmosphere of 50 percent relative humidity for 6 weeks and were then cut into 
strips, as in the experiments of Wilson and Gallun, measured for area and 
weighed. The water content was determined on a portion of each sample ; this 
and the weight of the strip made it possible to calculate the dry weight of the strip. 
One strip of leather was put into each desiccator above the acid solution and its 
weight and area were measured at intervals. The desiccators were kept tightly 
covei'ed except for the moment, at intervals, when the leather was being measured. 
The temperature was 25° C. 

The difference between the weight at any period and the known dry weight of 
any strip gave the water content. This is shown for the thirty-day period in 
Table 64. At 100-percent relative humidity, the water content of the vegetable- 
tanned leathers varied from 22.9 to 48.4, with an average of 37.4, and the chrome 
leathers from 36.9 to 62.2, with an average of 51.2. 

The area change for the same period is shown in Table 65 and in the form 
of smoothed curves in Fig. 447. The area at zero relative humidity is taken as 
unity and the percent increase in area with increasing relative humidity calcu- 
lated from it. The extreme increase in area for the vegetable-tanned leathers varied 
from 4.0 to 9.4 percent, with an average of 7.0 percent, and the chrome leathers 
from 9.6 to 19.0 percent, with an average of 14.4 percent. The relation between 
water content and area change is evidently not a simple one, because the values 
for the two do not follow exactly the same order. 

Effect of Time 

When leather is transferred from an atmosphere of one relative humidity to 
that of another, its water content and area immediately begin to change, but it 
may take a long time for equilibrium to be established. Heavy leathers do not 
change as quickly as light ones, and the speed is also influenced by the oil con- 
tent and type of finishing. Table 66 shows the area changes with time over a 
period of 100 days for the 18 typical shoe leathers. 

Table 66. Percent by Which Area at 100 Percent Relative Humidity Exceeds That at 
Zero Relative Humidity after Different Periods of Time Since Leather Was Trans- 
ferred from an Atmosphere of 50 Percent Relative Humidity to Atmospheres of Zero 
and 100 Percent Relative Humidity, Respectively. 


Sample 

No. 

Kind 

of Leather 

^ 1 

2 

6 

Time in Day: 

13 

20 

30 

loo" 

1. 

Vegetable calf 

... 2.0 

3.2 

4.4 

4.9 

5.5 

5.7 

57 

2. 

Chrome calf 

. . . 10.4 

11.5 

13.4 

15.8 

16.0 

16.0 

16.4 

3. 

Glazed kid (C) 

... 8.8 

9.6 

12.8 

14.9 

15.6 

15.6 

15.6 

4. 

Kangaroo (C) 

... 8.6 

9.8 

13.4 

16.6 

17.3 

19.0 

19.5 

5. 

Cordovan (V) 

... 2.4 

3.0 

3.8 

4.0 

4.0 

4.0 

4.0 

6. 

Buck (C) 

... 8.0 

9.0 

10.3 

14.5 

147 

147 

14.9 

7. 

Chrome side 

... 7.5 

8.6 

12.8 

15.1 

15.3 

1S.8 

16.9 

8. 

Suede (C) 

... 7.5 

8.0 

10.7 

13.0 

13.8 

13.8 

14.1 

9. 

Calf lining (V) 

... 5.9 

6.9 

7.7 

9.0 

9.2 

9.2 

9.4 

10. 

Sheep lining (V) . . . . 

... 6.5 

7.5 

9.0 

9.4 

9.4 

9.4 

9.6 

11. 

Shark (V) 

. . . 3.8 

4.4 

5.5 

7.5 

7.9 

8.0 

8.2 

12. 

Patent side (C) 

. . . 5.7 

7.1 

9.0 

9.8 

10,0 

10.5 

11.1 

13. 

Patent kid (C) 

... 4.9 

6.1 

8.2 

9.0 

9.4 

9.6 

107 

14. 

Patent colt (C) 

... 7.5 

8.8 

11.3 

12.8 

12.8 

13.0 

13.6 

15. 

Heavy chrome 

. . . 5.5 

8.4 

12.8 

15.6 

16.4 

16.9 

18.8 

16. 

Chrome retan 

. . . 4.4 

5.7 

9.2 

10.7 

11,1 

11.5 

12.4 

17. 

Vegetable sole 

. . . 3.4 

3.7 

4.4 

4.9 

5.5 

5.5 

5.5 

18. 

Chrome sole 

... 4.4 

6.0 

9.0 

11.3 

12.4 

13.0 

15.3 


(C) indicates chrome tannage; (V) indicates vegetable tannage. 
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In studying- these figures, it should be noted, in the ratio of the area at 100 per- 
cent relative humidity to the area at zero relative humidity, that both numerator 
and denominator are changing with time. If the test had been carried out with the 
leathers initially in equilibrium with a dry atmosphere, the change the first day 
would have been much greater. 

An example of this is shown in Fig. 448 for a light chrome calf leather and 
a heavy chrome side leather, not included in the 18 leathers being studied. After 
14 days the two leathers were returned to the dry atmosphere and the curves 
illustrate the reversibility of the process. In going from one extreme of relative 



Tine in Days 

Fig. 448. Area Change of Leather with Time Following a Sudden Change^ in Relative 
Humidity of the Atmosphere from Zero to 100 Percent and Then Back Again to Zero. 


humidity to the other, the change is very rapid; the chrome calf leather increased 
more than 11 percent in 4 hours and showed a correspondingly large decrease in 
area when first returned from the wet to the dry atmosphere. Thickness may 
explain the difference in rate of change between these two leathers, but it will 
not explain why the vegetable-tanned sole leather reached equilibrium in much 
less time than the very thin kangaroo leather. 

No single factor will explain all the differences in area change found for the 
different leathers. At the 100-day period, the extreme area change for the vege- 
table-tanned leathers varied from 4.0 to 9.6 percent, with an average of 7.1 per- 
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cent and for the chrome leathers from 10.7 to 19.5 percent, with an average of 
15.2 percent. The effect of kind of tannage is clearly very great and the one out- 
standing cause for big differences. The lacquered surfaces may explain why the 
area changes for the patent leathers are lower than for the other chrome leathers. 
One might be tempted to suggest that the extremely low area change of the cordo- 
van leather was due to its high fat content were it not for the fact that the kangaroo 
leather also has a high fat content and yet shows the greatest area change of all. 
Of course it is possible that the kangaroo leather might have shown a still greater 
area change had its fat content been lower; several samples of chrome calf 
leather were examined showing area changes greater than 23 percent. 

Effect of Glycerin 

In an unpublished work, Wilson and Kern studied the effect of finishing mate- 
rials upon the area change of leather with relative humidity and noted a marked 
effect when glycerin was added to the finished material. A sample of chrome calf 
leather was used for the tests. After 35 days at zero relative humidity, its water 
content was 1.79 parts per 100 of dry leather; this increased with increasing rela- 
tive humidity to a value of 57.92 in water-saturated air. When 5 grams of glycerin 
per sq. ft. of leather was applied to the grain surface, the water content of the 
leather after 35 days was 4.51 parts per 100 of dry leather at zero relative humidity 
and 79.25 at 100-percent relative humidity. The glycerin markedly increased the 
affinity of the leather for water. In going from dry to moist air, the original 
leather increased in area by 20 percent. The effect of the glycerin was to give 
the leather an area at zero relative humidity 1.4 percent greater than it would 
otherwise have had. This increase persisted over the entire range of relative 
humidities. At all stages the glycerin-treated leathers had an area from 1 to 2 
percent greater than the untreated leathers. 

Practical Tests 

Wilson and Gallun made a number of practical tests under rigidly controlled 
conditions. Several calfskins were cut into sides and one of each was chrome 
tanned and the other vegetable tanned. For each man taking part in the test, 
two pairs of shoes were made, one pair from the chrome-tanned side and the other 
from the vegetable-tanned side of the same skin. During one period, he would 
wear a chrome-leather shoe on the left foot and a shoe of vegetalde-tanned leather 
on the right foot and then reverse this during another period. When the weather 
was damp, the chrome shoe was too big, and when the weather was very dry, it 
was too tight to be comfortable. This was noticeable to a very much lesser degee 
with the shoes of the vegetable-tanned leather. After entering a warm, very dry 
room when it was cold outside, the difference in shrinking and tightening of the 
two shoes was very marked. 

In one test, a shoe of each kind was kept for several days in an atmosphere 
of 100 percent relative humidity and then transferred to one of zero relative 
humidity. The width of the upper of the chrome shoe, measured just back of 
the toe cap, was found equal to a standard D-width at 100 percent relative humidity, 
but decreased to the equivalent of a B-width when kept for a week at zero relative 
humidity. The change in the shoe of vegetable-tanned leather was only al)out one- 
third as^ great. In some cases, the man making the test could not squeeze his foot 
into the chrome shoe when it had just been taken from an atmosphere of zero 
relative humidity. 

A glance at Figs. 445 and 446 will show that the curves are flattest in the region 
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of 50 percent relative humidity. Where there is no great variation in relative 
humidity from this value, one would not expect to find much difference in the 
size changes between shoes made of the two kinds of leather. The greater shrink- 
age of the chrome leather is somewhat offset, also, by its greater ease of stretch. 
But where the conditions are severe, the kind of tannage becomes an important 


Fig. 449. 

Apparatus for Measuring 
the Temper of Leather. 



factor in foot comfort. Greeves quotes an officer of long experience in the World 
War of 1914 and one who knew a great deal about leather, to the effect that chrome 
shoes were most uncomfortable to sleep in, many soldiers risking trench feet and 
frostbite rather than lie down in chrome shoes. It is also reported that there ^was 
always a rush on the part of soldiers who knew the difference ,in comfort to^ get 
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vegetable-tanned shoes. Sportsmen who have made the test say that at the end 
of a day’s tramping for shooting, the feet ache less in vegetable-tanned than in 
chrome shoes. The work of Wilson and Gallun received very wide newspaper 
publicity throughout the world as having solved the riddle of the weather prophet 
who foretells changes in the weather by the pain in his corns. The corns merely 
respond to shrinkages in the leather of the shoes. 

Temper of Leather 

One of the methods used by the shoe manufacturer to judge the quality of 
leather for shoe uppers is to fold the right side of the skin over the left, flesh 
side in, and then to run his hand up and down the region of the backbone, noting 
the pressure required to squeeze the two sides together and the vigor of rebound 
of the leather upon release of the pressure. The property measured in this crude 
way is generally known as temper, and it is recognized that temper has an influence 
upon both the comfort of the shoe and its appearance in actual wear. 



Xoad in G-rams 

Fig. 450. Degree of Compression of a Circle of Leather as a Function of Load in the 
Apparatus for Measuring Temper Shown in Fig. 449. 

The author has studied the property called temper and devised a method for 
tile quantitative measurement of its two components, fiexiliility and recovery. The 
cLppaiatus is pictured in Fig. 449. The base is a solid maple block into which is set 
vertically an iron rod. From an adjustable arm attached to this rod, a balance 
pan with flat base is suspended by means of a spiral spring of appropriate size. 
Attached to another adjustable arm is a scale 4 cm, long with 100 equal divisions. 
A fine wiie to be used in reading the scale is drawn across the pan supports. The 
position of the scale is set to give a reading of zero when the pan rests upon the 
block. 
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The leather to be tested is cut with a die 1 x 6 in. Tack holes are punched near 
the ends of the leather 12.57 cm. apart and equidistant from the sides. The leather 
is drawn into a circle, grain side out, and the ends are joined by means of a thumb 
tack, which is inserted in the block at a point corresponding to the vertical pro- 
jection of the center of the pan on the block. If the leather has a negligible 
thickness and forms a perfect circle, when weights enough are placed on the pan 
to bring it to the point where it just touches the leather, the scale reading will be 
100, since the diameter of a circle with a circumference of 12.57 cm. is 4 cm., 
which is the length of the scale. Unfortunately, the finite and variable thickness 
of leather strips to be tested complicates the measurement and necessitates the 
establishment of arbitrary standards. 

Fig. 450 shows how the scale reading varied for a strip of chrome-tanned calf 
leather, 0.90 mm. thick, when an increasing load was placed upon the pan. The 
curve resembles the familiar die-away curve of the hyperbolic type. After the 
diameter of the circle of leather has been reduced to less than one-quarter of its 
initial value, it ceases to be sensitive to small increases in pressure. Further 
compression tends to crease the leather in two places, pulling apart the fibers in 
the grain layer and crushing together those in the flesh layer. The resistance of 
the leather to this further compression involves more than is included in the term 
temper. The reading at which this extra resistance becomes apparent increases 
with the thickness of the strip of leather being tested. 

In comparing temper values of different leathers, it seemed logical to the author 
to select some degree of compression that would correspond to the qualitative test 
made by the shoe manufacturer, that would be great enough to test the ability of the 
leather to recover, that would be small enough to avoid too great complication due 
to including the extra resistance not involved in temper, and that would compen- 
sate for variations in thickness of different leathers. 

If the scale reading when the pan just rests upon the circle of leather is 100, 
the pan can be forced down to a point a distance above the block equal to two 
thicknesses of leather. One mm. equals 2.5 units on the scale. Taking t as the 
thickness of the leather in mm., the pan may be forced through a distance equal to 
100 — 5^ units on the scale. In his work, the author has selected the arbitrary 
value for degree of compression equal to three-quai'ters of this or to a scale reading 
of (100— 5/)/4 above 5t, or an actual scale reading of 25 + 3.7St. 

In making the measurement with a strip of leather in place, weights are placed 
upon the pan until the scale reading is 25 + 3.75^. The weight required is called 
IVi- Its value depends, not only upon the flexibility of the leather, but also upon 
the resistance of the spiral spring. The weight required to depress the pan to give 
a reading of 25 4- 3.75^ with no leather is called W 2 - The weight required for the 
leather alone is thus given by the equation W == IVi — Wo- This is called the 
flexibility factor, one of the elements making up the temper of the leather. 

The other factor is the percentage recovery of the diameter of the circle of 
leather when the weights are released. Immediately after depressing the leather 
to give a reading of 25 4- 3.75^, the weights are removed and then weights are 
again added until the pan just touches the leather and the scale reading is noted. 
This reading, r, enables one to calculate the percentage recovery, R, from the 
formula 

r—2S—3.7St 

“0.75-0.0375^ 
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Effect of Splitting 

Two series o£ tests were made to show the effect of reducing the thickness of 
chrome-tanned calf leather by splitting. In each case only the grain split was 
tested. The results are shown in Fig. 451. 



TMckneea of leather in MlllimeterB 


Fig. 451. 

Effect of Reducing 
Thickness of Chrome- 
tanned Calf Leathers by 
Splitting upon Their 
Temper Values. 


Splitting reduces the flexibility factor very sharply, but is without effect on the 
recovery factor. The flexibility factor is also reduced by staking, graining and 
increasing the contents of water or fat. 


Typical Temper Values 

Typical temper values for shoe-upper leathers arc shown in Table 67. 

The table shows measurements for both butt and belly regions where these 
were available. In most cases, the flexibility factor was much less in the belly than 


Table 67. Temper Values for Typical Shoe-upper Leathers. 


Sample 

Kind 

Thickness 

(mm.) 

Flexibility 
factor (grams) 

Recovery 

Percent 

No. 

of Leather 

Butt 

Belly 

Butt 

Belly 

Butt 

Belly 

1. 

Vegetable calf 

.... 1.20 

1.20 

380 

285 

64 

64 

2. 

Chrome calf 

.... 1.10 

1.10 

330 

230 

72 

61 

3. 

Glazed kid 

.... 0.82 

0.74 

113 

78 

65 

65 

4. 

Kangaroo 

.... 0.S9 

0.53, 

63 

10 

70 

45 

5. 

Cordovan 

.... 1.15 


435 


69 


6. 

Buck 

.... 0.88 

0.85 

100 

37 

80 

72 

7. 

Chrome side 

.... 1.30 

1.20 

400 

130 

57 

49 

8. 

SuMe 

.... 0.70 

0.95 

13 

14 

63 

58 

9. 

Calf lining 

.... 0.82 

0.75 

285 

150 

67 

62 

10. 

Sheep lining 

.... 0.97 

0.70 

125 

138 

67 

58 

11. 

Shark 

.... 0.80 

0.85 

175 

95 

64 

64 

12. 

Patent side 

.... 1.08 

1.00 

135 

32 

60 

48 

13. 

Patent kid 

.... 0.94 

1.06 

68 

52 

65 

65 

14. 

Patent colt 

.... 1.48 

1.35 

300 

175 

57 

66 

15. 

Pleavy chrome .... 

.... 2.70 


1200 


65 


16. 

Chrome retan 

.... 2.65 

2.60 

950 

950 

54 

54 
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in the butt, which is in accord with the looser structure of the belly portions. The 
author was surprised not to find a greater variation in the percent recovery. The 
very low flexibility factors for kangaroo, kid and suede are what one would expect 
■from their behavior in wear. 


Fig. 452 . 

Apparatus for Measuring the Re- 
silience of Leather. A: solid maple 
block. B: calibrated glass tube. 
C: brass plunger. D: leather sample. 



Resilience of Leather 

Resilience is a property of leather closely associated with temper and is par- 
ticularly important in sole leather, which does not lend itself to temper measure- 
ments. The very simple apparatus designed by the writer for measuring the 
resilience of leather is shown in Fig. 452. 

It may be found convenient to use the same block and supporting rod as that 
used in the apparatus for measuring temper. In the laboratory, the calibrated 
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glass tube may conveniently be made from an old burette with calibration marks 
already on it. Otherwise the distance from the point from which the bottom of 
the plunger is to be dropped to the leather surface must be marked on the glass 
tubing and divided into 100 equal parts and numbered from the top down. In 
making the test, the bottom of the plunger is held exactly at the 100-mark and then 
released. It falls, striking the leather, and then rebounds. The highest point 
reached by the bottom of the plunger in the rebound represents the percentage 
rebound. 

In the writer’s work, the plunger weighed 1.712 oz. and had a diameter of i 
in. The 100-mark on the tube was 231 in. above the leather surface. The plunger 
does a certain amount of work in compressing the leather when it falls upon 
it and the leather then returns a certain fraction of the energy it hast received, 
measured by the percentage rebound of the plunger, which thus becomes a measure 
of the resilience of the leather. 

If the leather were immeasurably thin, the value found for resilience would be 
merely that of the maple block. In order to get the resilience of the leather itself, 
it was found necessary to have a thickness of leather of at least 3 mm., or about 
7k oz. When thinner leathers are to be tested, it is necessary to pile up two or 
more disks of the leather to make a total thickness of about 3 mm. For heavier 
leathers, no such precautions need be taken. 

Resilience of Typical Leathers 

Typical resilience values of various leathers are shown in Table 68. All 
samples were in equilibrium with an atmosphere of 50 percent relative humidity, 
and disks were built up to a minimum thickness of 3* mm. where necessary. This 
required 6 thicknesses for the very thin kangaroo leather. 


Table 68. Resilience of Various Leathers in Terms of the Percentage Rebound of a 
Plunger Dropped upon Them Under Certain Prescribed Conditions. 


Sample No. Kind of Leather Resilience 

1. Vegetable calf 22 

2. Chrome calf 26 

3. Glazed kid 28 

4. Kangaroo 24 

5. Cordovan 16 

6. Buck 23 

7. Chrome side 21 

8. SuMe 21 

9. Calf lining 22 

10. Sheep lining 21 

11. Shark 23 

12. Patent side 19 

13. Patent kid 22 

14. Patent colt 23 

15. Heavy chrome 17 

16. Chrome retan 11 

17. Vegetable sole 39 

18. Chrome sole 17 

X Rubber heel 20 


Effect of Water and Grease 

Because the resilience of the chrome-tanned sole leather was so much lower than 
that of the vegetable-tanned sole leather, it was suspected that tliis might be caused 
by its high grease content. A sample of the chrome-tanned sole leather was 
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degreased and tested again, whereupon it was found that the resilience had jumped 
from 17 to 34. 

Although vegetable-tanned sole leather contains relatively little grease, tests 
were run to show the effect of water content on the resilience of both degreased 
and undergreased leather. Fig. 453 shows the water contents of both degreased and 
undegreased leathers in equilibrium with atmospheres of different relative humid- 
ities. Degreasing the leather caused it to take up more water at any relative humid- 
ity. Fig. 454 shows the effect upon resilience. With increasing relative humidity 



Fig. 453. Water Content of Vegetable-tanned Sole Leather as a Function of Relative 

Humidity of the Atmosphere. 

and water content, the resilience of both degreased and undegreased leather falls, 
but the resilience of the undegreased leather is less at all relative humidities than 
that of the degreased leather. 

Wear Resistance of Leather 

Most of the work on the resistance of leather to wear has been done on sole 
leather, which is natural in view of the fact that practically all the really hard 
wear of a shoe occurs on the heels and soles. Shoe uppers receive relatively little 
damage through wear, making it possible to sacrifice wear resistance to some extent 
where this is necessary to gain something in other properties. 
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Relative Humidity 

Fig. 454. Resilience of Vegetable-tanned Sole Leather as a Function of Relative 
Humidity of the Atmosphere. 

Bowker and Geib made a very interesting study of the relative durability of 
soles made from chrome- and vegetable-tanned steer and buffalo hides. Com- 
parisons were also made with chrome-tanned steer hides filled with greases and 


Table 69. Chemical Compositions of Sole Leathers Tested, 
(percentage on dry basis) 



Series 1 

Series 2 

Ser 

es 3 

Ser 

ics 4 

Ser 

es 5 

Ser 

ies 6 
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Sd 

> 

So 

> 

So 


Itj 

Su 

Water-solubles . . 

15.18 

25.91 

5.85 

29.85 

12.98 

28.45 


31.88 

4.64 


1.68 

1.60 

Hide substance... 

34.75 

41.25 

74.20 

38.36 

34.61 

39.51 


37.67 

80.55 


88.15 

64.35 

Grease* 

22.83 

2.27 

2.73 

2.41 

22.71 

3.24 


3.46 

1.79 

23. i2 

1.00 

24.07 

Insoluble ash .... 

19.47 

.15 

7.90 

.20 

.... 

.50 

CD 

.42 



6.73 

6.04 

Combined tannin . 


30.43 


29.18 


28.30 

26.57 





Degree of tannage 


74.00 


76.00 


72.00 


71.00 





Glucose 

6.03 

3.64 


7.18 

'5‘.S4 

3.80 


4.66 





Epsom salts 


.50 


2.17 

.... 

3.42 







Acidityt 




.27 




“.SO 




'e'.os 

Total ash 

20.18 

' ‘.42 

9,87 

.99 

23.19 

‘2.76 


2.80 

8.66 


’6*75 

Cr 203 (fat free) 

5.08 


7.22 


4.06 




5'. 24 


5.55 

6.23 


^ Same as leather used in series 5. 
* Petroleum ether extract, 
t Procter- Searle method. 
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mineral fillers. The different types of soles were paired off, a man wearing one 
kind on the left foot and the other on the right. The pairs of test soles were 
attached to men^s shoes and worn by laboratory workers, ofi&ce workers, electricians, 
plumbers, machinists, firemen, and outside laborers. In cases where the vegetable 
sole wore out first and there was sufficient wear left in the chrome sole to warrant 
it, another vegetable sole was attached in order to secure the actual time under 
service conditions required for the chrome sole to wear through. In cases where 
this procedure was not feasible and a sole was not worn completely through, the 
thickness worn away was determined and the total probable length of wear was 
calculated. 

Table 69 gives the chemical compositions of the leathers used in the tests 
and Table 70 gives the results of the wear tests. 

Table 70. Results of Wear Tests on Sole Leather. 


Number Average Days . Days Longer Wear o£ 

Series Description of Soles Iron per Wear per Wear per Chrome Leather 

No. of Leather Tested Sole Sole Iron Filled Natural 

* 

Percent Percent 

1 Filled chrome ..... 28 8.0 80.8 10.1 23.2 

1 Vegetable 28 8.1 66.4 8.2 

2 Natural chrome ... 33 8.0 192.1 219 111.5 

2 Vegetable 33 9.9 111.5 11.3 

3 Filled chrome 140 8.2 131.2 16.0 40.3 

3 Vegetable 140 8.1 92.2 11.4 

4 Filled chrome 63 9.4 195.0 20.9 115.5 

4 Vegetable 63 8.7 84.3 9.7 

5 Natural chrome ... 76 7.2 210.0 28.5 20.5 

5 Filled chrome 76 7.4 175.4 23.7 

6 Natural chrome ... 88 10.5 350.2 33.2 .... 10.7 

6 Filled chrome 88 11.1 333.9 30.0 


* 48 irons =1 inch. 

To the layman, the use of the term iron in Table 70 may be confusing without 
an explanation. The thickness of sole leather is usually measured in terms of 
irons; an iron is simply TO inch. Where the average iron per sole was 8.0, it 
simply means that the average thickness was 8.0/48 or ^ inch. 

A summary of the results of the weekly inspections and the comments of the 
individual wearers led to certain general conclusions regarding the behavior of the 
chrome sole leather in actual service. The natural chrome leathers became very soft 
and pliable; had a decided tendency to spread and curl up on the edges; allowed 
water to penetrate rapidly; frayed on the edges, thus detracting from the shoe’s 
appearance; and slipped readily on smooth, wet objects. The leather filled with 
iparaffin, although very hard when first put on the shoe, soon became pliable, spread, 
frayed some on the edges, slipped, and after a certain period of wear seemed to 
loose its water-resistant property, due probably to the working out of the hard 
paraffin wax by flexing. The leather filled with paraffin and pyroxylin acted in 
like manner, excepting that it did not fray to such an extent and seemed to retain 
its water-resistant property longer. Of all the filled leathers, that used in series 1 
and 3, which had considerable mineral material added,! was superior in all the 
above-mentioned characteristics and appeared to remain as firm and water-resistant 
throughout as the vegetable leather. 
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As a result o£ their investigation, Bowker and Geib formulated the following 
conclusions : 

1. Natural and paraffin-filled chrome sole leather will wear approximately twice as 
long as vegetable sole leather per unit of thickness. 

2. Natural chrome will give the longest wear, paraffin-filled ranking next, and that 
additionally filled with mineral material ranking third, the latter, however, wearing about 
one-third longer than vegetable. 

3. Although vastly superior in wearing quality by comparison with the vegetable 
leather, chrome sole leathers, in general, have disadvantages in appearance, lack of firm- 
ness, lack of water resistance, and tendency to slip which can be only partly overcome by 
the addition of certain filling materials. Whereas such chrome leathers have a limited 
application, the field of usefulness could be broadened with consequent economic advp- 
tage to the public by reason of the greater wear obtainable, should a method of preparing 
chrome leather be developed which would give it more nearly the desirable qualities of 
the vegetable leathers. 

Veitch, Frey and Clarke had previously noted this greater durability of chrome- 
tanned sole leather. They also found that soles cut from the butt of the hide wore 
longer than soles cut from the shoulder, and that rolled leathers wore longer 
than leathers not rolled. Bowker observed that the life of a sole can be increased 
by increasing its grease content and flexibility. 

The effect of filling or loading materials has received some study. Wormeley, 
Bowker, Hart and Whitmore found that loading sole leather with glucose and 
Epsom salts had practically no effect upon its wearing quality ; these materials are 
soon leached out of the leather when walking on wet pavements. Bowker showed 
that filling sole leather with sulfite cellulose extract gave a leather as durable as 
one filled with ordinary tanning extracts, such as quebracho or chestnut wood. 

Hart studied wear resistance at different depths in the hide. Eighteen test 
pieces were prepared from one vegetable-tanned hide and divided into six groups, 
three of which were tested by wearing with the grain side out and three by sub- 
jecting the flesh side to the wearing action. Of the three tested with the grain 
side out, the first was left with its original thickness, the second was made approxi- 
mately two-thirds of its original thickness by skiving off one-third from the grain 
surface, the third was reduced to one-third of the original tliickness by skiving 
off two-thirds from the grain side. A similar compari.son was made with the three 
pieces worn flesh side out. The testing was done on a laboratory wear-test machine. 
The greatest resistance to wear occurred in the middle of the hide, which wore 
twice as long as the outer grain or flesh layers. 

Measurements of wear resistance or resistance to abrasion are very important 
to all tanners because they can be varied by appropriate treatments of the leather. 
The writer devised an apparatus for measuring wear resistance that is so simple 
that any tanner can have one made in his own machine shop and it is very inexpen- 
sive. Most young boys, at one time or another, like to build workshops and do 
carpentry work. Various hardware stores specialize in equipment for such work- 
shops and one readily available item is an electric sanding machine for sanding 
woodwork. This usually costs only a few dollars, but with one a tanner can make 
a very satisfactory machine for measuring wear resistance of leather. 

Two of the writer’s wear-testing machines arc shown in Fig. 455. Each is built 
from a toy sanding machine. The sanding machine as purchased is equipped with 
an endless belt of Carborundum paper, which travels at the rate of 176 linear feet 
per minute. The part that the tanner must have built for himself is that shown 
above the belt. It consists of a brass plate to which is attached two brass legs 
with removable feet equipped to hold squares of leather 1 square inch in area. 
The pieces of leather rest on the moving Carborundum belt, A cam device is pro- 




vided to raise and lower the feet alternately so that the leather rests on the belt just 
40 percent of the time. This is sufficient to dissipate the frictional heat developed 
so that the leather does not warm up appreciably during the tests. The weight of 
each brass leg and foot together is 4.6 oz. so that the leather rests on the belt 
under a pressure of 4.6 oz. plus the weight of the leather. 

In making a test, 1 square inch of leather is set into the brass foot after 
measuring its thickness in inches accurately with a Randall & Stickney gauge like 
that shown in Fig. 202 of Chapter 11. The thickness can be measured accurately 


Fig. 455. Apparatus for Determining the Relative Wear Resistance of Leather. 


to 0.001 inch. The machine is then run for exactly 9 hours and the thickness of the 
leather is measured again. The difference in thickness between the first and second 
measurement is the loss in thickness of the leather in inches. To get the wear 
resistance of the leather, it is now necessary merely to divide 1.0 by the loss in 
thickness of the leather after running 9 hours. 

For leathers that are too thin to be inserted in the brass foot, it has been 
found satisfactory to cement them to wooden squares about i inch thick and then 
to measure the thickness of both wood and leather, since it is necessary only to 
learn the loss in thickness of the leather in inches. 

Although the measurement is really one of resistance to abrasion, thousands 
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of tests have shown that it furnishes a fairly reliable guide as to the durability 
of leathers that must be subjected to frictional wear. Determinations can be made 
with the expenditure of very little time and effort. Determinations of the effect 
of changes in tannery operations upon the wear-resistance values have proved very 
valuable in developing leathers of high durability both for heavy and for light 
leathers. Table 71 gives a few typical results obtained by this method. 


Table 71. Wear Resistance Values Obtained on Various Leathers. 

Wear 


Kind of leather resistance 

Vegetable-tanned sole leather of poor wearing qualities 13 

Vegetable-tanned sole leather of good wearing qualities ... 38 

Chrome-tanned sole leather (steer hide) 117 

Chrome-retanned sole leather (steer hide) 56 

Chrome-retanned sole leather (horse butt) 67 

Football leather (vegetable-tanned steer) 48 

Calf (vegetable tanned) 30 

Calf ( Calgon-tanned, vegetable-retanned) 45 

Kid (vegetable-tanned) 13 

Baseball (alum-tanned horse) 58 

Baseball (Calgon-tanned, alum-retanned horse) 161 

Baseball (Calgon-tanned horse) 209 


Wear resistance is greater for chrome-tanned leathers than for vegetable- 
tanned leathers and is greater for Calgon-tanned leathers than for chrome-tanned 
leathers. It is increased by increasing fat content. 

Firmness of Heavy Leathers 

Another property, particularly important in sole leather, is that of firmness. 
This property is to heavy leather what temper is to light leather. Like it, it has 
both a flexibility factor and a recovery factor. A simple instrument devised by 
the writer for measuring the firmness of leather is shown in Fig. 456. Relative 
firmness is defined as the number of lbs. pull required to bend a strip of leather 1 in. 
wide to a radius of curvature of the grain surface of 1.45 in., with chord of the 
arc 2 in. 

Fig. 456 shows the two jaws of a Scott vertical tensile-strength machine, which 
is equipped with a recording device for measuring percent stretch. Into the 
upper jaw is clamped a device made of two heavy plates of bra.ss soldered together. 
In the lower plate, there is a slot one inch wide. Into the lower jaw is clamped a 
device made of three heavy plates of brass soldered together. Each of the upper 
two plates has a slot one inch wide and the two slotted plates are parallel and 
spaced exactly two inches apart. A strip of leather 1 by 6 in. is placed so that 
it passes through all three slots, grain side up, and the slots are so spaced that 
the grain side of the leather just touches the upper edges of the two lower slots, 
and the flesh side just touches the lower edge of the upper slot with the leather 
lying in a horizontal plane. With the stretch-recording device set for a distance 
between the jaws of 4 in., the machine is run until the recorder indicates a stretch 
of 10 percent. At this point, the load in lbs. is recorded as the measure of relative 
firmness. At this point also, the plunger of the machine to return the load to zero 
is pushed and the reading is taken at which the load just reaches zero and from this 
reading the percentage recovery can be calculated. For example, if the reading 
returns from the 10 percent to the 2 percent stretch line at zero load, the recovery 
is 80 percent. 
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A few typical values for relative firmness of sole leathers are as follows : 
finders' bend 65, manufacturers' leather 30, flexible sole leather 10, chrome sole 
20, chrome-retail sole 11 and chrome-retan horse butt 5. The relative firmness 
varies with thickness, location, pressure of rolling, oil content, etc. With this 
method, it has been possible to develop degrees of firmness desired by noting the 
effects of various treatments in the tannery upon the measurements of relative 
firmness. 



Fig, 456. Apparatus for Measuring Relative Firmness of Sole Leather Set in Jaws of 
Vertical Tensile Strength Machine. 

Resistance of the Grain of Leather to Cracking 

If the grain surface of leather will not resist cracking in service, its value 
becomes very low. Table 60 gives the precent stretch at which the grain layer 
cracked during the stretching of a great variety of satisfactory leathers. In many 
cases, the grain did not crack until the leather broke. The danger of cracky grain 
in the case of sole leather increases when the leather is heavily loaded with sugar 
and some other materials. In the determination of relative firmness of sole leather 
just described, the grain surface should not crack. If it does, the point at which 
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cracking occurs should be noted and steps should be taken in the manufacture, such 
as washing or cutting down the load of sugar until no cracking occurs during the 
test on the finished leather. Any sole leather cracking under the conditions of 
this test should be looked upon with suspicion. 

Resistance of Leather to Hot Water 

When dry, most leathers will stand tempei'atures exceeding 212^^ F. without 
appreciable harm, but, when wet, they show degrees of resistance to heat depending 
upon the kind and degree of tannage. Chrome or quinone-tanned leathers will 
withstand the action of boiling water and very heavily tanned chrome leathers will 
even withstand the action of steam under pressure. Vegetable- tanned leathers are 
destroyed by water at a temperature much over 158^ F. and oil-tanned leathers at 
temperatures much over 140° F. Ordinarily, the temperature of destruction of 
wet leather has only a theoretical significance, always being much greater than 
the human body can stand, but it becomes of considerable practical importance 
when one attempts to dry wet leather more quickly by the application of heat. 
Many a sole has been ruined by placing a wet shoe on a steam coil or close to a fire. 
Leather should always be dried slowly and it may be kept soft and pliable by rub- 
bing a little olive oil over the gTain surface while the leather is still wet. This is 
good practice after cleaning leather with soap and water, which is, by the way, 
the best method of cleaning it. 

Effect upon Lasting in Shoe Making 

The lesser resistance of vegetable-tanned leather to hot water has led some 
shoe manufacturers to prefer chrome-tanned upper leather because less attention 
must be paid to temperature in mulling or conditioning the leather before lasting. 
This is regrettable because the ultimate consumer is denied the superior advantages 
of the vegetable-tanned leather for an advantage to the shoe manufacturer that is of 
questionable value. In a private communication to the author, M.r. F. W. Eagan 
of the Beckwith Manufacturing Company of Boston has discussed the pro1)lem of 
lasting chrome and vegetable-tanned leathers in a very clear manner. Almost all 
lasting rooms are now fitted with hot- vapor heaters to assist in lasting the toe of the 
shoe smoothly. Heat and moisture are applied to the grain surface of the leather to 
bring it to a properly mulled and softened condition before lasting. All upper 
leathers will yield to this treatment, if properly handled, without injury, although 
some tannages will stand more heat and vapor than others. 

If the shoe manufacturer has had no experience with the lasting of vegetable- 
tanned upper leathers, it is well first to experiment with small pieces of the leather 
to find just the right temperature and volume of vapor to 1)e used before inserting 
the shoe. All vegetable-tanned leathers may be mulled satisfactorily, if the heater 
is properly regulated. Vegetable-tanned upper leathers yield nicely to a lower 
temperature and lesser volume of vapor by exposing for a longer period of time 
and this can be done without any danger of damaging the leather or of discoloring 
the finish. For example, exposure for 4 minutes at 150° F. will produce the desired 
mulling effect without any injury to leather or finish, whereas the same piece of 
leather would be spoiled by a one-minute exposure at 215° F. for more. 

Toe heaters should be so arranged that the temperature and volume of vapor 
can be controlled separately and no condensed water should be allowed to fall upon 
the toe of the shoe or discoloration may result. The cut edges of the leather should 
be watched; if they start to curl, it is a sign that the volume of hot vapor applied 
is too great 
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Ability of Leather to Retain Embossing 

Leathei s ai e often embossed, tooled, or stenciled for various purposes and then 
it is important that the design be retained as nearly permanently as possible. In 
this both the structure of the skin and the kind of tannage plav a very great part. 
A very full and tight structure is required; calfskin gives the ideal structure for 
the finer leathers, and cowhide for the coarser. The vegetable tannage is far 
superior to the chrome because it builds up the fibers to a much greater extent and 
makes the structure correspondingly tighter. Vegetable-tanned calf leathers are 
used very extensively for the finer grades of tooling leathers. 

The Break of Leather 

In judging the value of leather for very fine shoe uppers or for very fine 
novelties, much importance is attached to the fineness of what is called the '‘break’’ 
of the leather. What is meant by the break of leather will be made clear by a 
description of the author’s method of measuring it. A strip of the leather, grain 
side in, is drawn tightly about a glass rod 3.2 mm. in diameter so that the edge of 
the leather is just flush with one end of the rod. A line is drawn across the end 
of the rod through its center. It will be noted that the grain becomes puckered 
or wrinkled and the number of wrinkles over half of the circumference may be 
counted from one end of the line to the other. This number multiplied by two 
gives the number of wrinkles per centimeter. This is a quantitative measure of 
the break of the leather, the greater the number of wrinkles per centimeter, the finer 
the break. A leather with 25 or more wrinkles per centimeter is said to have a fine 
break ; one with 12 a fair break ; and one with 6 a coarse break. 

Usually the break is measured only in a qualitative way by pressing on the 
grain of the leather with the pointer of the right hand and drawing up the 
leather around it with the fingers of the left hand. The break is greatly 
influenced by the amount of oil in the grain layer increasing in fineness with 
increasing quantity of oil. The butt of a skin usually has a finer break than the 
shoulder and the shoulder a finer break than the belly. Calfskins have much finer 
breaks than cowhides and cowhides finer breaks than some kid skins. Tighter 
skins have finer breaks than looser ones. Improper methods of finishing may 
make an otherwise fine break very coarse. The kind of tannage has but little effect 
upon the break. Obviously the test is only applied to light leathers and involves 
cowhides only when split down to be used for light shoe uppers. 

Color and Warmth 

Wilson and Diener made a study to determine how much the color of the 
leather has to do with the heat developed when a shoe is exposed to sunlight. On a 
clear summer’s day, if one keeps one’s foot in the sunlight very long, it will get 
uncomfortably hot. If, now, a black shoe is put on one foot and a light-colored one 
on the other, a big difference in temperature will be felt, the foot housed in the 
black shoe feeling much the hotter. 

Certain materials appear black only because they do not reflect light, but con- 
vert it into heat. White light contains all colors and the lighter in shade any 
material is, the more colors of white light it reflects and the less it converts into 
heat. Few people seem to appreciate how great is the difference in temperature 
rise l;)etwecn black and light-colored leathers when placed in direct sunlight, Wil- 
son and Diener measured the difference for 8 samples of vegetable-tanned calf 
leathers. In each test, the bulb of a standard laboratory thermometer was cov- 
ered with a single thickness of leather and all were put in the sunlight at the 
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same time. In only a few minutes the temperature rose to values considerably 
higher than the air temperature of 60° F., but to a different degree for each color 
of leather. The values given in Table 72 are typical of the results. 


Table 72. Temperature of Leathers of Different Color in Sunlight. 


Temperature 
in Sunlight 


Color of leather (°F.) 

Light straw 100 

Sandy 102 

Very light tan 105 

Light tan 106 




Color of leather CF.) 

Medium tan .■ 107 

Dark tan 110 

Very dark tan Ill 

Black 116 


The black leather actually registered 16 degrees warmer than the light straw- 
colored leather in direct sunlight. The temperatures were reached in a few 
moments and did not go any higher. In repeated tests, the actual values obtained 
varied, but the relative order was maintained. The amount of mist in the air, 
velocity of wind, moisture in the leather, and kind of tannage affect only the abso- 
lute values; the relative values depend upon color. Values obtained with chrome 
leather were essentially the same as those with vegetable-tanned leathers. The 
results show the advantage of wearing light-colored shoes during the day in sum- 
mer and black shoes in winter. 

Resistance of Leather to Acids 

Specimens of vegetable-tanned leathers thousands of years old have been found 
in a remarkably fine state of preservation. On the other hand, certain vegetable- 
tanned leathers used in bookbindings have had a relatively short life. For nearly 
a century this deterioration of certain bookbinding leathers has received much 
attention and study. Analyses of the deteriorated leathers always showed the pres- 
ence of sulfuric acid and the destruction was usually greatest and occurred in 
the shortest time where the highest proportions of acid were present in the leather. 
This resulted in an effort to make vegetable-tanned leathers in such a way that all 
contact of skin or leather with sulfuric acid during the processes of manufacture 
would be avoided, but it was found that some leathers, originally free from acid, 
acquired it from polluted atmospheres. 

Among the important studies of the deterioration of bookbinding leathers is 
that of Veitch, Frey and Leinbach, who examined a number of deteriorated bind- 
ings from various public and governmental libraries. They found that leather in 
different sections of a deteriorated binding showed marked differences in physical 
condition and in chemical composition. Usually the leather in the part of the 
binding most exposed to air and light was most deteriorated and had the highest 
content of sulfuric acid as well as the greatest modification of leather substance into 
water-soluble nitrogen compounds. 

Action of Sulfuric and Hydrochloric Acids on Calf Leathers 

In determining the effect of the action of sulfuric acid on the strength of a 
piece of leather, it is necessary to know the strength both before and after the 
action of the acid. Obviously, the same piece of leather cannot be tested for 
strength both before and after an acid treatment, and so the writer developed a 
method for determining the strength of a piece of leather from the average strength 
of the pieces immediately adjoining it. In Fig. 426, curves are given showing the 
variation of strength of a calfskin along a line from head to tail In the curves for 
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left middle and ^ light middle/^ if only every other strip had been tested^ the 
strengths of the strips not tested could have been estimated approximately from the 
cuives. This would have made available nearly one-half of the strips to be tested 
after special treatment. 

The writer cut 25 successive strips, each 1 by 6 in., from the ^‘right middle” 
of a finished chrome-tanned calfskin and numbered them successively, from head to 
tail, 1 to 25, inclusive. He then determined the tensile strength of all the odd- 
numbered strips under standard conditions and plotted the curve in Fig. 457 
labelled UNTREATED STRIPS.” It was assumed that the values for the tensile 
strengths of the even-numbered strips lay on this line in their appropriate places. 
The even-numbered strips were then dipped into solutions of sulfuric acid or sodium 


Fig. 457. 

Illustrating Method 
Employed to Measure 
Extent of Destruction 
of Chrome-tanned Calf 
Leather by Sulfuric 
Acid. 



bicarbonate in order to get a series of strips of different percentages of acid. These 
strips were blotted, air-dried and then kept for 6 months to age. Then their tensile 
strengths were determined under standard conditions and the results were plotted 
in Fig. 457 and labelled ‘'ACID-TREATED STRIPS.” The broken strips were 
then analyzed for water and sulfuric acid and the acid content of each strip was 
marked on the chart over its corresponding point. 

Up to an acid content of about 10 percent the two curves practically coincide, 
but they diverge sharply with further increase in acid content, the acid-treated strips 
finally losing all measurable strength. The distance between the two curves gives a 
measure of the progressive loss of strength with increasing percentage of acid in 
the leather. For example, take strip No. 16 with a tensile strength of 79. A line 
drawn directly upward to the upper curve intersects it at the value 168, which may 
be taken as the strength of No. 16 before the acid treatment and aging. We may 
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therefore conclude that the treatment has caused the leather to suffer a loss of 53 
percent in strength. This procedure enables one to determine the percentage loss 
in strength of leather resulting from any special treatment. In each test, the acid 
content of the leather was determined in the strip used for measuring the tensile 
strength. 

From results obtained in this way on both chrome-tanned and vegetable-tanned 
calf leathers, the curves shown in Fig. 458 were drawn. 

For low acid values, the acid-treated strips showed sometimes a gain and 
sometimes a loss whose absolute value varied from zero to 20 percent of the calcu- 
lated strength of the leather, indicating that observed values below 20 percent were 
unreliable for this particular experiment. Hence, only the values greater than 
20 percent were plotted to give the curves shown in Fig. 458. They indicate a 



.GraniB HgSO^ Aasoolatod with 100 Grams Dry Leather 

Fig. 458. Destruction of Chrome-tanned and Vcgctable-tanncd Calf Lcalliers as a 
Function of Aging Time and Percentage of Sulfuric Acid (HaSOi) Associated 
with the Leather. 

progressive destruction of leather both with increasing acid content and with time. 
They show that acid contents greater than 4 percent for vegctalile-tanned leather 
and 10 percent for chrome leather, as determined by tlie method of analysis 
described, will cause marked destruction of leather. 

The figures do not indicate the maximum proiiurtion of acid which the leathers 
may contain wdthout danger of deterioration with time. However, the writer was 
fortunate in securing two vegetable-tanned calfskins tanned in the same way and 
having the same composition as the leather liciiig tested, one of which was 13 and 
the other 20 years old. The former contained 0.60 and the latter 0.53 gram of 
sulfuric acid per 100 grams of dry leather. Tests made of corresponding parts 
of the butts of these skins and also skins recently tanned and finished by the same 
method showed that all had practically the same tensile strength, about 400 kg. per 
sq. cm. cross-section. For vegetable-tanned leather the maximum acid value that 
may be considered harmless would seem to lie between 0.6 and 4 percent. The 
experimental results given in Fig. 458 were later augmented by more, giving the 
results after 1 and after 2 years, but they showed no measurable cliange from the 
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results at 9 months. An acid content of 2.5 percent produced no measurable 
destruction of the vegetable-tanned leather in two years. The author believes that 
this figure must be rather close to the maximum possible without some destruction. 

Effect of Concentration of Acid 

The curves in Fig. 458 show that chrome leather has a greater capacity for 
holding acid, combined or uncombined, wdthout causing destruction than has 
vegetable- tanned leather. Hovrever, chrome leather normally contains a large 
percentage of acid held in chemical combination, against practically none for 
vegetable-tanned leather. Furthermore, when the acid enters into chemical com- 
bination with leather, it actually ceases to be sulfuric acid, even though so indicated 
by the method of analysis employed. Most of the sulfuric acid found in chrome 
leather is probably present in chemical combination with the chromium. It is prob- 
ably only the free acid in the leather that causes destruction. 

In order to show the effect of concentration of free acid, the author kept test 
pieces of both kinds of leather under acid solutions of various concentrations, and 
the rather surprising fact was revealed that the chrome leather was much more 
sensitive to destruction by a given concentration of acid than vegetable-tanned 
leather. In fact, the tests suggested a novel method for preparing very thin sheets 
of leather. The surface of chrome-tanned leather is usually given a light vegetable 
retanning before coloring to act as a mordant. When a strip of the chrome leather 
1.1 mm. thick was immersed in 6N sulfuric acid, the interior containing no vege- 
table tannin was dissolved away in the course of a few days, leaving behind two 
strips which appeared to be in perfect condition after washing and drying : a grain 
strip 0.1 mm. thick and a flesh strip 0,2 mm. thick, corresponding to the depth of 
penetration of the vegetable retannage. 

The term “6N sulfuric acid” refers to a solution having a normality of sulfuric 
acid of 6. A solution of sulfuric acid with a normality of 1 contains 49 grams of 
pure sulfuric acid per liter, or 0.408 lb. per gal. A solution of 6N sulfuric acid 
contains just 6 times as much, or 2,448 lbs. per gal. 

In order to simplify the experiment, the chrome leather selected for these tests 
was not given a vegetable retannage nor was it colored, but it was fatliquored and 
worked to give it the required suppleness and strength. Strips of this leather and 
of the vegetable-tanned leather were kept under sulfuric acid solutions of strength 
ranging from 0.25 to 12.00A. The containers were submerg'ed in a constant- 
temperature bath at 25° =*=0.01° C. and kept for 46 days. Then the strips w^ere 
washed in running water for 48 hours and thus freed from the added acid. 
Analyses were made of all strips after the tensile strength measurements to make 
sure that any weakening of the leather was not due to acid not removed in washing. 
All strips of vegetable-tanned leather were found to be free from sulfuric acid and 
all chrome-tanned strips contained less sulfuric acid than that present in the 
original, untreated sample. 

At the end of the 46 days the vegetable-tanned strips in the 10- and 12 A acid 
solutions had broken into several pieces, but all the others appeared intact to the 
eye. But all of the chrome- tanned strips in the solutions 0.4A or stronger were 
dissolved or completely disintegrated. Fig. 459 shows the loss in tensile strength 
of the strips which had not disintegrated. In 0.2Ar acid, the chrome-leather suf- 
fered a loss of 83 percent in strength whereas the vegetable-tanned leather was not 
measurably weakened. These experiments show that the large percentage of acid 
normally found by analysis in chrome leather is not present as free acid; on the 
contrary, the great sensitivity of chrome leather to destruction by acid indicates that 
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only a very small amount of the acid of chrome leather is present in the free 
State. 

The apparently much lower capacity of vegetable-tanned leather for acid seems 
to be due to the tannins combining with the protein groups which are otherwise 
capable of combining with acid and to the fact that the combined tannins lack 
the power possessed by the chromium nucleus to bind sulfuric acid. 



Fig. 459. Destruction of Chrome-tanned and Vegetable-tanned Calf Leathers by Contact 
with Solutions of Sulfuric Acid of Different Concentrations. 

Action of Hydrochloric Acid 

A solution of hydrochloric acid with a normality of 1 contains 36i grams of 
absolute hydi'ochloric acid per liter, or 0.304 lb. per gal. Although sulfuric acid 
and hydrochloric acid differ in weight,, a gallon of either having a normality of 1 
contains the same number of acid hydrogen ions. 

Series of strips of the vegetable-tanned calf leather were treated with hydro- 
chloric acid solutions ranging in strength from 0.1- to S.OiV, dried, and kept for 46 
days. Regardless of the strength of acid applied, all strips finally contained approxi- 
mately 3.3 grams of hydrochloric acid per 100 grams of dry leather, and all showed 
a loss in tensile strength of approximately 25 percent. The volatility of the acid 
had apparently been responsible for setting up an equilibrium ratio of acid to 
leather, practically constant for all strips. The ability of the leather to lose hydro- 
chloric acid in this way explains why this acid has not been found responsible for 
the destructive action so often attributed to .sulfuric acid. 

When the effect of difference in volatility was eliminated by keeping the leather 
samples under acid solutions of definite concentrations, hydrochloric acid proved 
to be more destructive of both kinds of leather than sulfttric acid in solutions of 
relatively high concentration. 

^ Fig. 460 shows the comparative destructive action of hydrochloric and sulfuric 
acids on chrome calf leather. This leather was neither colored nor fatliquored 
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and contained 8.5 grams of chromic oxide per 100 grams of hide substance. Strips 
of the leather were put into test-tubes, covered with acid solutions of different 
strengths, corked, and kept in a thermostat at 25° C. Constancy of the concentra- 
tion of acid in each tube was guaranteed by replacing frequently with fresh solution. 
The time required for complete disintegration of the leather was recorded. It is 
noteworthy that the end point in each test was very sharp. The strip would appear 
intact up to the day of its disintegration, when it would suddenly start to go to 
pieces and the destruction would be complete within the day. 

In solutions ZN or stronger, hydrochloric acid is more active than sulfuric acid, 
while in weaker solutions the reverse is true. The greater activity of sulfuric acid 
in the weaker solutions seems to be due to its greater detannizing power. The 
more powerful destructive action of hydrochloric acid in stronger solutions may be 
due to the fact that it is a stronger acid than sulfuric, or it may be the result of the 
specific action of the chloride ion, which the writer has found to be very destruc- 
tive of protein matter in concentrated solution even at the point of neutrality, while 
sulfates appear to have a preservative action. 



Fig. 460. Time Required for Complete Destruction of Chrome-tanned Calf Leather by 
Acid Solutions of Different Strengths. 


The test-tube experiment was repeated for vegetable-tanned leather, but no 
destructive action was apparent to the eye with solutions weaker than about %N. 
The degree of chrome tannage appeared to have no appreciable effect upon the 
action of the acid so long as the leather had been sufficiently well tanned to stand 
the boiling test. 
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Effect of Relative Humidity 

It has been supposed that storing leather containing sulfuric acid in very dry 
air might accelerate the destructive action of the acid by concentrating it, since 
the water content of leather decreases with decreasing relative humidity of the 
atmosphere with which it is in contact. However, Wilson and Kern found that 
this is not so. 

* Following the same technic as that described above, Wilson and Kern treated 
strips of vegetable-tanned calf leathers with 5 parts of sulfuric acid per 100 parts 
of dry leather and then aged them in chambers with relative humidities kept con- 
stant at 0, 20, 40, 60, 80 and 100 percent, respectively, for 46 days. They then 
determined the percentage loss in tensile strength at each relative humidity. The 
results are shown in Table 73. 

Table 73. Loss in Tensile Strength of Vegetable-tanned Calf Leathers Containing 
5 Parts Sulfuric Acid per 100 Parts Dry Leather after 46 Days' Contact with 
Atmospheres of Different Relative Humidity. 


Relative 

Water in 

Loss in 

Humidity (%) 

leather (%) 

strength (%) 

0 

1.25 

18.4 

20 

6.90 

33.8 

40 

9.31 

33.5 

60 

13.28 

46.2 

80 

17.36 

51.1 

100 

30.00 

64.1 


The increasing destructive action at increasing relative humidities thus appears 
to be due to the increasing water content of the acid-treated leathers. Lowering 
the water content of acid-treated leathers actually retards instead of increasing 
the rate of destruction, contrary to the general supposition. 

The mistaken notion as to the expected effect of relative humidity on the 
destruction of leather by acid may be attributed to confusion between concentration 
and quantity. The work described above on the action of acids upon chrome- and 
vegetable-tanned leathers indicates that leather is destroyed only by the free acid 
and not by the acid which is in chemical combination with the leather. But the 
leather-acid compound is completely hydrolyzable and will give up all the acid to 
running water, if sufficient time is allowed. In the experiment under consideration, 
the ratio of acid to leather was constant for all strips. With increasing water con- 
tent of any strip the hydrolysis of the leather-acid compound would increase, making 
the quantity of free acid per gram of leather greater, although the concentration of 
acid in the water would be less. Apparently, the increase in quantity of free acid 
is responsible for the accelerated destructive action. 

Bowker showed that sole leather tanned with quel)racho extract alone does not 
deteriorate with time unless its content of surf uric acid exceeds 3 percent, but that 
leather tanned with chestnut-wood extract alone may l)cgin to deteriorate when its 
content of sulfuric acid exceeds only about 1.5 percent. It is possible that the gallic 
acid present in chestnut extract produces an effect ecjual to about 1.5 percent of 
sulfuric acid and that the effects of the two acids arc additive. Oxalic and other 
non-volatile strong acids are also destructive of leather. 
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Glossary of Terms* 


Abattoir: A large slaughter house. 

Acid dye: A dye whose particles carry a negative electrical charge in water solutions; 
a^ dye that will precipitate basic dyes from solution; a dye that will combine 
directly with chrome-tanned leather without the aid of a mordant. 

Acidolene: Trade name for a series of commercial fatliquoring materials. 

Acid solution: A solution having a pH value less than 7.0. 

Adipose tissue: Fatty tissue. 

Air conditioning: Adjusting the temperature and water content of air to serve best 
some particular purpose. 

Alkaline solution: A solution having a pH value greater than 7.0. 

Alkanol: Trade name for a series of commercial wetting agents. 

Amylase: Enzymes which act upon starches. 

Analysis: Separating a material into its component parts, recognizing them and 
measuring their percentages of the entire material. 

Anemometer: A device for measuring the linear velocity of air currents. 

Anhydrous: Containing no water; freed from water of crystallization. 

Aniline dye: A dye manufactured from coal-tar products. 

Aniline leather: Leather finished with transparent finishing materials so that the 
grain pattern of the leather may be seen. 

Anti-blushing agent: A material added to a lacquer to prevent precipitation during 
the evaporation of the solvents. 

Antiseptic: A material that opposes putrefaction or decay by arresting the growth 
of microorganisms. 

Apparent specific gravity of leather: The weight of a given volume of leather divided 
by the weight of an equal volume of water, making no allowance for voids or air 
spaces in the volume of leather measured. 

Arazym: Trade name for an enzyme preparation for use in unhairing skins. 

Areolar tissue: The fibrous and fatty tissues which connect a hide or skin loosely 
to the underlying parts of the animal body; the flesh. 

Areolar-tissue sheath: A tissue thought to enclose hide fibers. 

Arkotan: Trade name for a series of commercial syntans. 

Ash: The portion of a material remaining after complete burning. 

Athlete’s foot: A disease of the skin caused by molds. 

Atlasol: Trade name for a series of commercial fatliquoring materials. 

Autoclave: An apparatus for heating liquids under high steam pressure. 

Bacillus (plural: bacilli): A straight-rod bacterium. 

Back: A side of sole leather with head and belly removed. 

Back boarding: Boarding leather with flesh side in merely to soften it. 

Backer: A butcher in a big packing plant who specializes in removing the back, 
shoulder and base of tail of a hide from the carcass. 

Bacterium (plural: bacteria): A microscopic plant consisting of a single cell. 

Bark leather: Leather tanned with vegetable-tanning materials. 

Bark mill: A machine for grinding raw vegetable-tanning materials for leaching. 

Barkometer: An instrument for measuring the weight of a vegetable-tan liquor per 
unit volume. 

Barkometer reading: The same as 1000 subtracted from 1000 times specific gravity. 

Barretan: Trade name for a series of commercial syntans. 

* If a word whose definition is desired is not found in this Glossary, it may he possible to get it 

by referring first to the Subject Index and then to the page numbers given there. 
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Basic dye: A dye whose particles carry a positive electrical charge in water solu- 
tions ; a dye that will precipitate acid dyes from solution; a dye that will com- 
bine directly with vegetable-tanned leather without the aid of a mordant. 

Basicity: A term used to indicate the available acid in a chromic salt ; when pure 
chromic sulfate is dissolved in water, it produces an acid solution by reacting 
chemically with the water ; more than one-half of _ the acid thus formed can be 
neutralized with alkali without causing precipitation pf chromium compounds ; 
the percent of total acid producible by the^ pure chromic salt that has been neu- 
tralized is referred to as the percent basicity of the chromic salt. 

Basil: An undyed, vegetable-tanned sheepskin. 

Basis grades of hides: Standard No. 1 selection of light native cow hides of July, 
August or September take-oif. 

Bating: The treatment of unhaired hides and skins with warm solutions of enzymes 
to remove certain undesirable constituents; formerly, treatment with solutions 
of fermented hen or pigeon manure. 

Banme hydrometer: An instrument for measuring the weight of a liquid per unit 
volume. 

Beam: A convex wooden slab sloping upward from the floor over which raw stock is 
placed for trimming, fleshing, unhairiiig or scudding by hand. 

Beamhouse: Department of tannery in which raw stock is washed, soaked, unhaired, 
bated and prepared for tanning. 

Beamster: A worker who scuds the grain of unhaired stock placed over a beam, using 
a specially designed two-handled knife. 

Beaver: An apparatus consisting of two long, heavy planks put together in the form 
of an inverted V and used in the packing house to scrape the salt off the hair 
side of hides after curing. 

Beeswax: A soft wax obtained from the honeycomb of the common bee and used in 
making shoe polishes. 

Belly: The extreme left or right side of a hide removed by cutting along a line 
parallel to the backbone line and at such a distance from it as to remove about 
23 percent of the total area of the hide for the two bellies ; the belly includes 
the front and hind shank ; the line of cutting is determined more accurately for 
any individual hide by noting the change in feel from the denser structure of 
the crop to the looser structure of the belly. 

Bend: A side of sole leather with head, shoulder and belly removed. 

Betanaphthol: A widely used antiseptic and fungicide. 

Big“packer hides: Hides flayed and cured in a highly efficient manner by experts in 
the largest packing plants in the United States. 

Binder: A plastic material, like casein, used to hold finely ground pigments together 
and to cause them to adhere tenaciously to the surface of leather in finishing. 

Biobate: Trade name for a scries of commercial bating materials. 

Bisulfiting: The treatment of hot solutions of vegetable-tanning extracts with sodium 
bisulfite in order to increase their solubilities. 

Bleaching leather: For vegetable-tanned leathers, this, usually consists of lightening 
the color by removing the oxidized tannins and insoluble matter from the outer 
surfaces with a solution of soda ash. washing and then treating with dilute 
acid; for chrome-tanned leather, it usually con.-ists of lightening the color 
by treatment with acid solutions of syntans and sometimes also by precipitating 
white pigments in the outer surfaces of the leather to give it a white appearance. 

Bleeding: Diffusion of uncombined materials from the interior of leather to the 
outer surfaces where they may contaminate other materials or mar the appearance 
of the leather. 

Blendoyl: Trade name for a commercial mixture of rapesced and castor oils. 

Blood albumin: The dried serum of the blood of cattle used in leather finishes. 

Bloom: A deposit of ellagic acid often appearing on the grain surface of leather 
tanned with chestnut wood or myrobalans extractvS. 

Blushing: The clouding of the appearance of lacquer finishes caused by precipitation 
during evaporation of the solvents. 
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Boarding: Producing a pleasing design on the grain surface of leather and softening 
it by means of a ISeries of creases produced with the aid of a hand-graining 
board or by means of a machine designed for the purpose. 

Break of leather: The tiny wrinkles formed on the grain surface of leather when it 
is bent, grain inward ; in a fine break there are many fine wrinkles per linear 
inch; in a coarse break there are fewer wrinkles and they are not so fine. 

Brining Soaking hides, after flaying, in a strong solution of common salt before 
packing in dry salt, as in the Frigorifico method of curing. 

Brisket: The breast of an animal or the portion of the hide over the breast. 

Brush coat: The second coat of varnish applied in finishing patent leather. 

Brushing: Developing a mild luster on finished surfaces of leather by the action 
of a rotary brush ; freeing the surfaces of leather from fine fibrous dust after 
buffing by drawing it between a pair of long rotary brushes. 

Buck leather : Cowhide upper leather with grain surface buffed and dusted with talcum 
or finely ground mineral pigments. 

Buffering agent: A substance added to a solution to prevent wide changes in pH 
value during a chemical reaction. 

Buffing: The operation of producing a fine nap on the grain surface of leather by 
means of Carborundum paper or on the flesh side of small skins by the action 
of an emery wheel ; a very thin grain split of leather from cattle hides or skins, 
used in bookbinding. 

Building a hide pack: The systematic salting, folding and piling of hides after 
flaying to form the pack in which they are allowed to cure for a month or 
longer. 

Bull hide: A hide from an uncastrated male of the ox kind, usually ranging in weight 
from 75 to more than 100 lbs. in the green, salted state. It is characterized 
by very thick and rough head, neck and shoulders. 

Butcher cuts: Damage to hides and skins caused by improper or unskilled flaying, 
usually in the form of cuts and furrows on the flesh side. 

Butt-branded hides: Hides branded on the butt area back of the break in the flank. 

Cabretta: The skin of a hybrid cross between a sheep and a goat; a straight-haired 
sheepskin. 

Calgon: Trade name of sodium metaphosphate of high molecular weight used in 
tanning, water conditioning and in the prevention of discoloration by iron on 
vegetable-tanned leathers. 

Calorie: The quantity of heat required to raise the temperature of one gram of 
water by 1® C. 

Candelilla wax: A hard wax occurring as an excretion on desert plants along the 
United States-Mexican border and sometimes used as a substitute for carnauba 
wax. 

Carding: Combing and brushing the wool of fur skins. 

Carnauba wax: An exudation from the leaves of the carnauba palm, Copernica 
cerifera, which grows in Brazil; Brazil wax; a hard wax widely used in leather 
finishes. 

Carpincho: Skin of a South American water rodent often classed as a pigskin. 

Casein: A protein substance obtained from milk and widely used as a plastic in 
leather finishes. 

Centigrade, degrees C C.): A temperature scale on which the freezing point of 
water is recorded as zero and the boiling point as 100. To convert degrees 
Centigrade to degrees Fahrenheit, multiply by 1.8 and add 32. 

Chamoising: Tanning skins by means of cod-liver oil. 

Chamois leather: Leather produced from pickled sheepskin fleshers by tanning with 
cod-liver oil. 

Cheeking: Reducing the thickness of the heads of unhaired skins by splitting. 

Chestnut blight: A fungous disease of the American chestnut tree of the south- 
eastern states that is threatening its extinction. 

Chlorine: A greenish yellow, poisonous gas with suffocating odor, used as a disin- 
fectant; usually sold as a liquid under pressure in metal cylinders. 
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Chrome liquor: A solution of basic chromic salt used in chrome tanning; usually 
made by treating a strong solution of sodium dichromate with a reducing 
agent, s.uch as sulfur dioxide or a mixture of glucose and sulfuric acid. 

Chrome retanning: Tanning raw stock first with chrome liquor, washing and then 
retanning with vegetable-tanning materials. 

Chrome tanning: The conversion of raw hide into leather by treatment with water 
solutions of complex salts of chromium. 

Chromic oxide: A green, water-insoluble oxide of chromium. Because of the 
complex and variable nature of the chromium compounds present in leather 
and liquors, it is customary to measure their amounts in terms of the amount 
of chromic oxide they would produce if converted into chromic oxide. 

Chromite: An ore consisting of 68 percent chromic oxide and 32 percent iron oxide, 
from which sodium dichromate is prepared. 

City-butcher hides: Hides from animals not slaughtered, flayed and cured in pack- 
ing houses, but in city abattoirs or by city butchers. 

Clearer-out: A butcher in a big packing plant who specializes in the removal of the 
hide from the fore legs and under the sides of the neck. 

Coccus (plural: cocci): A spherical bacterium. 

Cockle:: A warty growth in sheepskins. 

Collagen: The protein material of the hide fibers. 

Collatone: Trade name for a powerful disinfectant and fungicide. 

Colloidal clay: A clay used in the ceramic industry so finely divided that it remains 
in suspension when mixed with water ; used in fatliquoring some upper leathers 
to prod.uce fullness and mellowness, in making white leathers and in the oil- 
wheeling of sole leather. 

Colophony: Common rosin. 

Colorado steer hide: A steer hide branded on side or butt; not necessarily from 
Colorado. 

Color index: A large book describing practically all aniline dyes manufactured and 
assigning to each a color-index number by which it can be identified and its 
sources determined; published by the Society of Dyers and Colourists, Bradford 
England. ' 

Combined tannin in leather: Tannin that has combined so vigorously with the hide 
protein that it cannot readily be removed by washing. 

Combined water-soluble matter in leather: Material present in a state of loose 
chemical combination with the leather than can be removed from the finely 
ground leather only by prolonged washing. 

Contract unit for hides: A certificated lot of 40,000 lbs. (plus or minus 5 percent) of 
hides of one grade. 

Copperas: Light green crystals of the sulfate of ferrous iron. 

Cordovan leather: Leather made from the butt or shell of a horsehide. 

Corium: The derma or true skin; the part of the thickness of a hide or skin which 
excludes the epidermis, hair and flesh; the part that is converted into leather. 

Corrected grain: The grain s.urface of leather snuffed so lightly as not to destroy 
the grain pattern. ^ 

Correct pattern: The contour of a hide flayed so as -to permit the tanner to produce 
the maximum amount of good leather from it; a standard pattern adopted bv 
packers and tanners. 

Country hides: Hides of animals not slaughtered, flayed and cured in packing houses 
but by farmers and country butchers. ’ 

Crocking. The rubbing off of coloring or finishing materials from leather onto 
other materials. 


Crop: A side of sole leather with belly removed. 

Cropping: Cutting the bellies from sole-leather hides and sides after tanning in 

the layer vats. ^ 

Crusting: The storage of dry leather for conditioning or aging, during which time 
It takes up water from the air until it reaches equilibrium with the relative 
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h.umidity of the air; some of its constituents become more uniformly distributed 
throughout the thickness of the leather, and greater fixation of the tanning 
materials may occur. 

Crusty break: A break of leather in which the wrinkles are coarse, sharp and 
generally displeasing to the eye; finish break. 

Curing: Saturating raw hides and skins with common salt to retard bacterial action 
and putrefaction. 

Currying: Incorporating oils and greases into leather and otherwise preparing it 
for service. 

Cutch extract: A water-soluble tanning substance obtained by extracting the bark of 
several varieties of mangrove tree. 

Cuticle: The epidermis. 

Dark-field illumination: A special technic developed in microscopic work to make 
’the object appear brilliantly illuminated on a black background. 

Daub coat: The first coat of varnish applied in the finishing of patent leather. 

Deacons: Very small calfskins. 

Degreasing: Removing the greases from; in the case of pickled sheepskins by drum- 
ming the stock with kerosene, water and salt ; in the case of leather by extracting 
the dry leather with naphtha. 

Degree of tannage: The number of lbs. of tannin combined with 100 lbs. of hide 
protein. 

Derma: The corium or tr.ue skin. 

Developed dyes: Dyes whose colors are developed after applying to the leather, by 
treatment with sodium nitrite; used on suede leathers to prevent crocking. 

Dewclaw: An undeveloped toe in cattle. 

Dewlap: The hanging skin under -the throat of cattle, where the butcher first inserts 
his knife in the slaughter. 

Dietbylene glycol: Organic solvent used as a plasticizer in leather finishes. 

Dimensional changes in leather: The increase or decrease in thickness and area of 
leather with increasing or decreasing relative humidity of the atmosphere. 

Dimethylamine : A commercial sharpening agent for lime liquors. 

Diplococci: Pairs of spherical bacteria. 

Direct dye: A dye that will combine directly with chrome-tanned leather without the 
aid of a mordant. 

Directional ventilating power: A ventilating power of leather that is greater for 
passing water from the flesh side to the grain side than from the grain side 
to the flesh side. 

Disinfectant: An agent added to a material to destroy the microorganisms it contains 
or to free it from other infection. 

Dowicide: Trade name for a series of commercial fungicides. 

Drawn flanks: Flanks of skins and leather that have shrunk and show furrowed lines 
on the grain surface over the underlying blood vessels. 

Drenching: A method of deliming and acidifying unhaired skins by immersion in a 
water infusion of fermenting bran. 

Drum: A revolving cylindrical container for hides and skins, usually equipped inside 
with pegs for lifting the stock, used for such operations as washing, tanning, 
dyeing, fatliquoring and stuffing. 

Drumming: Tumbling hides and skins or leather in a revolving drum. 

Dry dip: A strong solution of vegetable-tanning extracts in which dry sole leather 
for finders’ bends is dipped, preparatory to the second bleaching and second 
oil-wheeling, to increase the firmness and solidity of the finished leather and 
to add weight. 

Drying tunnel: A tunnel in which damp leather is placed for drying in a current of 
air, often with temperature and relative humidity controlled. 

Dry loft: A space in a tannery where dried leather is kept for crusting or stored 
awaiting selection for subsequent treatment. 
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Dry milling: Tumbling pressed leather in a revolving drum to open it up and remove 
the creases. 

Dubbin: A mixture of cod oil and tallow. 

Duponol: Trade name for a series of commercial wetting agents; used in degreasing- 
sheepskins, tanning, dyeing and finishing. 

Dusting: Spreading ground raw vegetable- tanning materials over and between hides 
entering the layer vats to add to the tannin strength of the liquors ; a common 
method before the days of concentrated tanning extracts. 

Dye indicator: A solution of dye whose color changes over a definite range of pH 
value; used in the colorimetric measurement of pH value. 

Egg albumin; The dried whites of hens’ eggs used in leather finishes. 

yolk: Deshelled whole eggs treated with 20 percent by weight of common salt 
as a preservative; salt-free egg yolk is treated with no common salt but with 
small percentages of sodium bifluoride or other powerful preservative; used in 
fatliquoring colored, chrome-tanned light leathers. 

Elastin: The yellow connective tiss.ues of the skin which furnish structural support 
for the blood vessels and thermostat mechanism. 

Elk leather: A name applied to chrome-retanned cowhide shoe-upper leather treated 
with greases to make it soft and water-repellant. 

Embossing: Producing patterns in relief on the grain surface of leather by means of 
embossing plates applied in a press under great pressure. 

Emullo: Trade name for a series of commercial lacquer emulsions in water. 

Emulsion Microscopic droplets of one liquid distributed throughout another liquid 
in which it is insoluble, as the globules of butter fat in the water of milk 

Enamelled leather: Patent leather. 

Enzymes: Substances secreted by living cells which bring about hydrolysis of other 
substances in amounts vastly greater than the amounts of enzymes required. 

Epidermis: The cuticle or outer layer of epithelial tissue that covers the derma 
and is removed during unhairing. 

Epithelial tissue: The cellular tissue that covers all free surfaces within and 
without the animal body. 

Equilibrium: A state of balance in chemical reactions after attainment of which 
there is no further change with time. 

Erector-pili muscle: One of the tiny muscles of the skin that cause goose pimples to 
form, the hair to stand on end, and oil to flow from the sebaceous glands to the 
skin surface ; a muscle active in the thermostat mechanism of the skin. 

Ethanol: P.ure grain alcohol. 

Etonal: Trade name for a series of commercial finishing materials. 

Ex-light steer hide: One weighing from 30 to 48 lbs. in the green, salted state. 

Extracting: Drumming wrung sole leather from the layer vats with a concentrated 
vegetable-tanning extract to incorporate into it as much vegetable-tannintr 
material as it will hold. ^ 

Fahrenheit, degrees (“F.): A temperature scale on which the freezing point of 
water is recorded as 32 and the boiling point as 212. To convert degrees 
Fahrenheit to degrees Centigrade, subtract 32, and divide the difference by 1.8. 

Falling: Decreasing plumpness of a hide or skin, in which it tends to become 
increasingly soft and flaccid. 

Fatliquoring: Applying oils to leather in the form of dilute oil-in-water emulsions. 

Fell: A hide or skin. 

Fellbeater: A butcher in a big packing plant who specializes in the removal of 
the hide from a carcass over the areas where it adheres tightly at the front 
of the round and flank. 

Fellcutter: A butcher in a big packing plant who specializes in the removal of 
the hide from a carcass over the areas from the tail to the hind legs. 

Fellmonger: A dealer in hides and skins. 

Fermentation: Chemical changes in organic matter brought about bv micro- 
organisms. j ^ 
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Fiber sarcolemma: A tissue supposed to enclose hide fibers. 

Fibril: A filament of protein, many of which constitute a hide fiber. 

Fibroblasts: The white corpuscles of the blood that spin the filaments of protein 
called fibrils and that are responsible for the growth of hide fibers by repeated 
additions of fibrils. 

Fibroid tumor: An abnormal growth of collagen fibers due to the excessive activity 
of the fibroblasts. 

Finders' leather: Very heavy, firm and dense vegetable-tanned sole leather, used 
by cobblers. 

Finish break: A crusty break of leather attributable to improper finishing. 

Finishing: Treating* leather so as to make it more pleasing to the eye and more 
serviceable in use; applying a plastic coating to the grain surface of leather to 
give it a finished appearance. 

Firmness of leather: The force required to bend a standard strip of heavy leather 
through an arc of given radius of curvature ; that is, so that the grain surface 
forms an arc of that of a circle of given radius. 

Fixation value: The relative speed or vigor of combination of different vegetable 
tannins with hide substance as measured by the relative amounts which combine 
under a standard set of conditions ; avidity of combination. 

Fixed tannin: Same as combined tannin. 

Flaccid: Flabby; lacking firmness as in a bated hide or skin. 

Flagella: Thin thread-like processes which serve to propel bacteria with a corkscrew 
motion. 

Flanks: The portion of a hide or skin corresponding to the definition for bellies. 

Flaxseed mucilage:^ The mucilage extracted from ripe flaxseed with hot water and 
used as a plasticizer in leather finishes. 

Flaying: The removal of the hide or skin from an animal carcass. 

Flesh: The side of a hide or skin opposite the hair or grain side; the areolar 
tissues on the flesh side. 

Flesher: Sheepskin after removal of grain layer or skiver. 

Fleshing: The operation of removing the areolar tissues from the flesh side of hides 
and skins. 

Flint hides: Hides dried without curing. 

Floorsman: A butcher in a big packing plant who specializes in the removal of the 
hide from a carcass over the bellies. 

Fluorex: Trade name for a mixture of sodium bifluoride and sodium silicofluoridc 
used to disinfect hides and skins from restricted countries. 

Flywing grain: A very thin grain split from a sheepskin. 

Follicle: The pocket or indentation of the skin surface in which the hair grows. 

Follicular mange: A parasitic skin disease of animals caused by a mite which lives 
in the hair follicles and below the skin surface. 

Formalin: A 40 percent solution of formaldehyde; a tanning agent; often used as a 
hardening agent for casein in leather finishes. 

Free water-soluble matter in leather: Soluble matter that can be removed from 
finely ground leather with very little washing. 

French chalk: talc; finely powdered magnesium silicate. 

Frigorifico hides: Hides from South America corresponding to big-packer hides in 
the United States. 

Frized leather: Very soft glove leather made from skins limed for a month or longer 
d,uring which time the entire supporting structure of elastin in the grain 
layer is destroyed. 

Fulling stocks: Kickers; a machine used in chamoising for mixing cod-liver oil 
intimately with the pickled fleshers. 

Function: In mathematics, one quantity is a function of another when for each 
value of the latter there corresponds a definite value of the former. 

Fungi: Microscopic vegetable plants which include the yeasts,* molds and mildews. 
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Fungicide: A destroyer or killer of molds. 

Fungizyme: Trade name for a series of commercial bating materials containing 
fungous enzymes. 

Fuugous enzymes: Enzymes secreted by molds. 

Fustic: A yellow natural dye extracted from the yellow Brazil wood of the species 
Morus tinctoria. 

Futures contract: A standard contract used in the sale of hides for future delivery 
through Commodity Exchange, Inc. 

Gain of leather: Same as yield of leather. 

Gardinol: Trade name for a series of commercial wetting agents ; used in the fat- 
liquoring of white leathers. 

Gelatin: A dried protein jelly obtained by treating calfskin with boiling water. 

Glass electrode: A complex electrical equipment by means of which pH values of 
solutions are measured simply and accurately. 

Glassy layer: The dense fibrous str,ucture found in the butts or shells of horse hides. 

Glauber's salt: Sodium sulfate containing water of crystallization; a salt used in 
some tannery operations; anhydrous Glauber’s salt is a much more concentrated 
form with water of crystallization removed. 

Glazing: Producing a glassy surface on finished leather by the frictional action 
of a non-rotating solid glass cylinder drawn across the grain surface under 
high pressure. 

Glazing jack: A machine for glazing* leather. 

Glue stock: Waste trimmings of raw hides sold for manufacture into glue. 

Glyco Neats: Trade name for certain commercial neatsfoot-oil mixtures used in 
fatliquoring. 

Goldbeater’s skin: The membrane of the blind gut of the ox between the large and 
small intestine. 

Gold leather: Leather with grain surface covered with pure gold leaf. 

Goulac: Trade name for a by-product of the paper industry used as a filling material 
for vegetable-tanned sole leather. 

Graining: Boarding. 

Grain layer: The layer of the derma of hides, skins and leather that includes the 
hair follicles ; the thermostat layer. 

Grain pattern: The design on the outer Surface of leather produced by the arrange- 
ment of hair follicles and pores, characteristic of the kind and age of animal. 

Grainy leather: Leather showing marbled grain. 

Grassers: Rough-necked calfskins from underfed animals. 

Grubby hides: Hides damaged by grubs of the warble fly, which lays its eggs on the 
animals hairs, from which they enter the hide and mature, leaving unsightly 
holes, scars and other damage ; pepper boxes. 

Hair slips: Hides and skins that have suffered sufficient putrefaction to loosen the 
hair. 

Handler vat: A vat containing vegetable-tan liquor into which vegetable-tanned 
skins are thrown for further tanning after coming from the stick vats and 
removal from the sticks. 

Head: The portion of a hide or skin from the head of the animal. 

Header: A butcher in a big packing plant who specializes in the removal of the 
hide only from the head and face of the carcass. 

Head splitting; same as cheeking. 

Head vat: The tanning vat in a series that contains the strongest tan liquor; usually 
the vat from which the stock is -taken from a scries after vegetable tanning. 

Heavy hide: A steer hide weighing more than 58 lbs. or a cow hide weighing more 
than 53 lbs. in the green, salted state. 

Hedging: Making a bet to offset a bet already made ; .selling hides for future delivery 
to offset a possible drop in market value of an inventory of hides and leather. 

Heifer: A young cow.’ 
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Hematine: An oxidized natural dye obtained from logwood. 

Hide: The outer covering of a large animal; among cattle hides, one weighing more 
than 30 lbs. in the green, salted state. 

Hide dropper: A butcher in a big packing plant who specializes in the removal of 
the hide from the carcass only from the neck and shoulders. 

Hide spreader: A workman who assists in the building of a hide pack in the curing 
of hides in a big packing plant. 

Hind-legger: A butcher in a big packing plant who specializes in the removal of 
the hide only from the hind legs of the carcass. 

Horse: A portable wooden vehicle on which leather and skins are piled for draining 
or for transportation from one department to another. 

Horsing: Piling leather or skins on a wooden horse. 

Hot-air stuffing mill: A drum equipped with a system for heating its contents to 
any desired temperature ; used in stuffing leather with molten greases. 

Hyaline layer: A tissue assumed to be present between the epidermis of a hide 
and the surface of the grain layer. 

HydrapMal: Trade name for a commercial material used in degreasing to assist in the 
penetration of the degreasing solvents into the skins. 

Hydrolysis: Chemical decomposition in which water is involved in the chemical 
reaction. 

Hygrometer: A device for measuring the relative humidity of air. 

Hypernic: A red natural dye extracted from the red Brazil wood of several species 
of Caesalpinia. 

Kypo: Sodium thiosulfate; used in the second bath of the two-bath chrome-tanning 
process to reduce the sodium dichromate to the condition of a chrome-tanning 
agent; used as a neutralizing agent for acids; it is characterized by the pro- 
duction of finely divided sulfur when used for these purposes. 

Inconel: Trade names for a non-corrosive alloy of nickel and chromium used for 
making drums and vats where a high resistance to corrosion is important. 

India tannage: A vegetable tannage peculiar to India and often used on stock to be 
exported from India. 

Infection: The invasion of a tissue or other material by bacteria or other harmful 
microorganisms. 

Ion: An electrically charged atom or group of atoms. 

Irish moss: The mucilage extracted from a seaweed found along the coasts of Ireland 
and New England and used as a plasticizer in leather finishes. 

Iron (as a measure of thickness) : inch. 

Ironing:. Smoothing the grain surface of finished leather and adding a pleasing 
appearance by means of a hot iron. 

Isinglass: A pure gelatin obtained from the swimming bladders of various fish. 

Japanned leather: Patent leather. 

Japan wax: A soft wax obtained from the berries of several varieties of plants 
found in Japan and used in shoe polishes. 

Keratin: The protein material of the hair and epidermis. 

Keratose: A degradation product of keratin. 

Kickers: same as fulling stocks. 

Killing:^ Treating wool with soda-ash solution or other material to prepare it for 
dyeing. 

Kip: The outer covering of an anirnal intermediate in size between a skin and a 
hide; among cattle hides, one weighing between IS lbs. and 25 lbs. in the green, 
salted state. 

Kiss spot: A light spot on vegetable-tanned leather caused by contact with another 
hide, preventing free access of the tan liquor to it. 

Knee staker: A metal blade set in a wooden support over which small skins are 
worked, using the hands and the knee, for staking them. 

Knocker: The butcher who stuns the animal by a crushing blow on the head before 
the slaughter. 
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Koreon: Trade name for a series of commercial one-bath chrome-tanning materials. 

Kosher hide: Hide of an animal killed according to the Rabbinical law, the cutting 
of the throat interfering with the production of a hide of standard pattern : a 
cut-throat. 

Lacquer: A nitrocellulose finishing material for leather. 

LacTan-X: Trade name for a commercial vegetable-tanning material made by fer- 
menting sulfite liquors from paper mills with bacterial cultures to produce lactit 
and acetic acids. 

Latent heat of vaporization: The number of calories of heat required to change one 
gram of a liquid to vapor without changing its temperature. 

Layaways; The layer vats used in tanning sole leather. 

Layer vat: A vat of relatively strong vegetable-tan liquor into which sole-leather 
hides are thrown after preliminary tanning in rocker vats. 

Laying-away: Storing hides in layer vats for a long time to insure completeness 
of the tannage; where only weak liquors are available, the hides are dusted 
with ground raw vegetable-tanning materials to provide a sufficient amount of 
tannin. 

Laying-bye: Covering a hide pack with salt in curing and letting it stand so that the 
strong brine formed will seep through the entire pack. 

Leach-casting machine: A mechanical device set in leaching vat to facilitate removal 
of the ground vegetable-tanning material after extraction of its tannin by hot 
water. 

Leach house: The department of a tannery where raw vegetable-tanning materials 
are extracted with hot water and where vegetable-tanning extracts are dissolved 
in water to make strong stock liquors for the tan yards. 

Leaching: Extracting the tannin from ground raw vegetable-tanning materials by 
means of hot water. 

Leather: Animal hide or skin so treated chemically as to make it permanently more 
resistant to decomposition, particularly when wet, and to make it serviceable. 

Leather gauge: An instrument for measuring the thickness of leather in ounces or 
millimeters. 

Leatherlubric : Trade name for certain commercial sulfonated-oil compounds used in 
fatliquoring. 

Lecithin: A phosphorus-containing fatty substance found in egg yolk, soybeans and 
other materials and found to be useful in fatliquoring leather. 

Legger: A butcher in a big packing plant who specializes in skinning the legs of the 
carcass and removing the shin bones with hoofs attached. 

Leukanol: Trade name for a series of commercial syntans ; the first syntan to be 
produced commercially in the United States. 

Licensed warehouse: A warehouse licensed for the storage of hides upon recommenda- 
tion of the Committee on Grading and Warehousing and with the approval of the 
Board Hide Trade Group of Commodity Exchange, Inc. 

Light hide: A steer hide weighing from 48 to 58 lbs. or a cow hide weighing from 
30 to S3 lbs. in the green, salted state. 

Lime-fleshing: Fleshing hides and skins after the liming operation. 

Lime liquor: A saturated limewater containing lime greatly in excess of saturation 
and used for loosening the hair of hides and skins. 

Lime slaking: The appropriate treatment of caustic lime or calcium oxide with 
water to produce slaked lime or calcium hydroxide for use in liming. 

Lipase: Enzymes which act upon fatty materials. 

Logwood: A natural dye extracted from campeachy wood {Hematoxylon campechia- 
mmi) . 

Lustrone colors: Trade name for certain commercial nitrocellulose finishes colored 
with dyes. 

Macroscopic: Large enough to be seen without the aid of a microscope. 

Magnification: The number of times one dimension is increased of the image enlarged 
by means of the microscope ; usually expressed as diameters. 
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Malpighian layer: Layer o£ epithelial cells in the epidermis next to the grain sur- 
face of the derma. 

Mange: A parasitic skin disease of animals. 

Manufacturers^ leather: Vegetable-tanned sole leather sold to shoe manufacturers 
that is not quite so heavy, firm and dense as the finders’ leather sold to cobblers. 

Marbled grain: A mosaic pattern of indentations sometimes occurring on the grain 
surface of leather corresponding to the pattern of the network of tiny under- 
lying blood vessels ; a rough appearance of the grain surface displeasing to 
the eye; wild grain; graininess. 

Matadero hides: South American hides corresponding in quality to country hides in 
the United States. 

Matrix: A mold built on the bed of an embossing press to sharpen the design of 
the pattern produced on leather by the embossing plate. 

Maxwhite: Titanium dioxide ground in casein solution, sulfonated castor oil and 
paraffin oil for use in the fatliquoring and finishing of white leathers. 

Merpol: Trade name for a series of commercial wetting agents. 

Mertanol: Trade name for a series of commercial syntans. 

Methanol: Pure wood alcohol. 

Micron: A measure of length equal to 0.001 millimeter, or 0.0000394 inch. 

Microorganism: A tiny living cell or form of life that is too small to be seen by the 
unaided eye, but can usually be seen when highly magnified by means of a 
microscope. 

Microscope: An optical instrument consisting of series of lenses and an illuminating 
system for magnifying minute structures for visual inspection or for photo- 
graphic records. 

Microscopic: Too small to be seen clearly without the aid of a microscope. 

Mineral oil: Colorless, non-volatile oil obtained from petroleum: paraffin oil. 

Moellon degras: A valuable emulsifying agent and fatliquoring material obtained 
as by-product from the cod-liver oil used in chamoising sheepskins. 

Mold: Multicellular microscopic vegetable plants which form cobweb-like masses 
of branching threads from the surface of which tiny fertile threads project 
into the air bearing the part of the plant from which the spores develop, which 
may be of brilliant colors, black or white, according to kind of mold. 

Montan wax: A hard wax obtained from the lignites or brown coal of Saxony and 
Thuringia and sometimes used as a substitute for carnauba wax. 

Mordant: A material that will combine chemically with leather and then combine 
with a dye to bring about a combination of the dye with leather. 

Morocco leather: Fancy vegetable-tanned goatskin leather with a distinctive natural 
grain pattern. 

Muriatic acid: Hydrochloric acid. 

Naphthalene: A tar camphor often spread among dried goatskins to lessen the danger 
of attacks by insects during shipment and storage. 

Native hide: A hide that has not been branded. 

Natural dye: A dye obtained by the extraction of wood or other colored form of 
vegetable material. 

Neomerpin: Trade name for a series of commercial wetting agents. 

Neutralizing agent: A substance added to an acid or alkaline solution to bring its 
pH value nearer to 7.0. 

Neutral solution: A solution having a pH value of approximately 7.0. 

Neutrigan: Trade name for a commercial neutralizing agent for chrome-tanned 
leather with special properties. 

Nontannin: The portion of the water-soluble matter in a vegetable-tanning material 
other than tannin that is non-volatile. 

Nopco: Trade name for a series of commercial oil products used in fatliquoring and 
treating leathers. 

Nopcowite: Trade name for a commercial fatliquor for white leathers. 

Nutricod: Trade name for a commercial blend of cod and mineral oil. 
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Offal: Parts of hides and skins rejected for making standard grades of leather; 
refers sometimes also to heads, shoulders and bellies of heavy leathers to dif- 
ferentiate them from the more valuable bends. 

Oiling off: Coating the grain surface of wet leather with oil before drying. 

Oil of eucalyptus: An antiseptic used in leather finishes. 

Oil of mirbane: An antiseptic used in leather finishes. 

Oil of sassafras: An antiseptic used in leather finishes. 

Oil of thyme: An antiseptic used in leather finishes. 

Oil-wheeling: Drurnming sole leather after extracting, tempering, bleaching and 
wringing with various materials to increase the yield of leather and improve 
its properties. 

One-bath process: A process in which raw stock is tanned directly with chrome liquor. 

Oropon: Trade name for a series of commercial bating materials; the original 
enzyme bate used to replace the obnoxious dungs. 

Orthochrom: Trade name for certain commercial finishing materials containing 
colored pigments in nitrocellulose lacquers. 

Orthoclear: Trade name for certain lacquer finishing materials without colored 
pigments. 

Osage orange: A natural dye and tanning material extracted from the wood of the 
osage orange tree (Madura pomifera). 

Ounce (as a measure of thickness): ^ inch; originally it meant the thickness of 1 
square foot of leather that weighed 1 ounce avoirdupois. 

Overflow liquor: The vegetable-tan liquor that flows out of a system of connected 
vats when one of the vats is strengthened by the addition of stock liquor. 

Overflow vat: A vat used to receive and store overflow liquor from a series of 
tanning vats. 

Overshot buffer: A machine equipped with an emery wheel for buffing the flesh 
side of damp, small skins, as in the making of suMe leather. 

Overweight kip: A cattle hide weighing from 25 to 30 lbs. in the green, salted state. 

Ox: A name used to designate domestic cattle. 

Ox blood.: The whole blood of cattle used in leather finishes. 

Oxidiziug^ agent: A material that changes the chemical composition of another 
material by adding oxygen to it. 

Pacific Coast hide: Hide of an animal slaughtered, flayed and cured in one of the 
recognized packing plants on the Pacific Coast. 

Packer hide: Hide of an animal slaughtered, flayed and cured in a recognized pack- 
ing plant. 

Paispearl: Trade name for certain commercial pearl essences obtained from fish 
scales and used to finish leather with a pearly appearance. 

Pancreatin: Enzymes obtained from the pancreas of an animal ; trypsin. 

Pancreol: Trade name for a series of commercial bating materials, 

Paranitrophenol: A disinfectant and fungicide. 

Pasting: The pasting of damp leather to a smooth plate for drying it in a smooth 
and stretched-out condition. 

Patent leather: Leather finished with several coats of linseed-oil varnish; some- 
times also given a top coat of lacquer; japanned leather; enameled leather. 

Pattern of a hide: Contour of a hide when laid out flat. 

Peccary: Skin of the wild boar found in tropical America; South American pigskin. 

Penetration: The diffusion of a material into the thickness of a hide or piece of 
leather. 

Pepper box: The pattern produced on the grain surface of leather from grubby hides 
by the grub holes, which often resemble buckshot marks. 

Phosphopted oils: Oils treated with phosphorous pentoxide to endow them with 
special characteristics. 

Photomicrograph: Photograph taken through a microscope of a microscopic object 
so highly magnified that it can be seen in detail with the unaided eye. 
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pH value: A measure of the vigor of the acid or alkaline reaction of a solution, 
where 7.0 represents a neutral solution; values decreasing from 7.0 represent 
solutions of increasing acidity and values increasing from 7.0 represent solutions 
of increasing alkalinity. 

Pickling: Saturating unhaired hides and skins with a solution usually of sulfuric 
acid and^ common salt to preserve them or to prepare them for tanning, although 
other acid and salt combinations are sometimes used. 

Pigment: A finely ground, opaque, colored material insoluble in water often added 
to karlic ;■ :':nisiu s to provide color and to hide defects in the grain surface 
of the leather. 

Pigment leather: Leather finished with finishing materials containing opaque pig- 
ments which hide the grain pattern and any defects it may have. 

Pigskin strips: Rectangular pieces of pigskin from over the lard areas of the animal 
sold to the tanners by the packers ; the rest of the skin is usually left on 
the meat. 

Pile-up: The volume of leather per, unit weight; the number of square feet of leather 
8 irons thick per 100 lbs. of leather of 12% moisture; 115.5 divided by the appar- 
ent specific gravity of the leather of 12% water content. 

Pipey leather : Leather whose grain surface forms coarse, sharp and loose wrinkles, 
displeasing to the eye, when it is bent grain inward. 

Plastic: Capable of being molded, soft and pliable; a material that can be shaped 
when soft and hardened afterward. 

Plasticizer: A material that is added to another to keep it soft and pliable. 

Plating: Producing a smooth grain surface on leather by pressing it on a bed with 
a smooth, heated metal plate under very high pressure. 

Poor pattern: Outline or contour of a hide not conforming to the standard or cor- 
rect pattern adopted by packers and tanners. 

Porosity: The ability of a leather to pass air from an atmosphere of higher to one 
of lower pressure. 

Post-mortem changes: Chemical and structural changes that naturally occur in a 
hide between the time of slaughter and that of the curing or other preservative 
operation. 

Pressing: Removing the bulk of water from wet leather by means of a hydraulic 
press. 

Press-over system: A system of pump logs so arranged in a series of connected tan- 
ning vats that the addition of stock liquor to the head vat in the series causes 
an equal volume of liquor to flow from one vat to another so that an equal 
volume of weak liquor overflows from the tail vat. 

Primal: Trade name for a series of commercial finishing materials containing syn- 
thetic resins. 

Pritch pole: A pole used to hold the carcass of an animal upright during the 
flaying operation. 

Properties: The characteristics of a substance. 

Proteases: Enzymes which act upon proteins. 

Puering: Now included under the term bating; formerly the treatment of unhaired 
skins with solutions of fermented dog dung to remove certain undesirable con- 
stituents and to .prepare the skins for tanning. 

Puer shop: Bating department of the beamhouse. 

Pulling a hide pack: This is just the reverse of building a hide pack and involves 
taking the pack apart and bundling the hides for shipment. 

Pump log: A heavy wooden conduit used for transferring vegetable-tan liquors from 
one vat to another. 

Purity: The parts of tannin per 100 parts of water-soluble solid matter in a mix- 
ture containing vegetable-tanning materials. 

Putting out: Same as setting out. 

Pyroxylin: Nitrocellulose. 

Quercitron: A natural dye exti'acted from the ground inner bark of the Baltimore 
oak (Quercus tinctoria, nigra). 
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Quinone: An organic solid of irritating properties, slightly soluble in water, capable 
of combining with hide substance to produce a leather resistant to the action 
of boiling water. 

Randall & Stickney gauge: Trade name for a precision gauge for measuring the 
thickness of leather accurately to 0.001 inch. 

Rayox: Trade name for a series of commercial titanium dioxide white pigments. 

Reducing agent: A material that changes the chemical composition of another 
material by taking oxygen from it. 

Relative humidity: The number of parts of water in the air per 100 parts of water 
in the same volume of saturated air at the same temperature. 

Relative-humidity tables: Tables from which the relative humidity of air can be 
found by noting the value given at the intersection of two columns of figures, 
one headed by the wet-bulb temperature of the air and the other by its dry- 
bulb temperature. 

Residue: The material left after the complete evaporation of water or other solvent 
from a solution. 

Resilience of leather: The percentage rebound of a standard plunger dropped onto 
the leather surface under standard conditions. 

Resistance of leather to acid: The maximum percentage of acid that the leather may 
contain without deteriorating with time. 

Resistance to grain cracking: The extent to which leather may be stretched or bent 
without causing the grain surface to crack. 

Restricted countries: Countries from which imports of hides and skins are permitted 
only under the sanitary regulations of the Bureau of Animal Industry. 

Reticular layer: The fibrous portion of a hide or skin between the grain layer and 
the flesh. 

Reticulin: Tiny fibrils that appear to bind collagen fibrils together in a fiber. 

Rocker vat: A vat for the preliminary vegetable tanning of sole leather in which 
the frame for holding the leather is equipped with a rocking device to pre- 
vent the hides from touching one another during tannage, thus preventing kiss 
spots. 

Rolling: Subjecting the grain surface of leather to the action of a metal roller 
under pressure to smooth it, compress it and generally improve its appearance. 

Rolling jack: A machine for rolling leather under pressure. 

Rosin: A sticky light-yellow to red-brown material obtained by distilling off the 
more volatile turpentine from crude turpentine ; abietic acid ; used to produce 
waterproofness and tackiness in leather, as in golf-grip leather. 

Rubber latex: A juice secreted by the rubber tree to aid in healing damage to the 
tree; an emulsion of rubber in water; used as a binder in leather pigment 
finishes. 

Rumper: A butcher in a big packing plant who specializes in cutting the hide away 
from the base of the tail and rump of the carcass. 

Run pelts: Sheepskins dewooled by sweating whose grain surfaces have been pitted 
or liquefied in spots by worni-like organisms. 

Russia calf: Vegetable-tanned calf leather scented with birch oil; originally calf- 
skins tanned in Russia with birch-bark extract. 

Saladero hides: South American hides corresponding in quality to small-packer 
hides in the United States. 

Salometer: An instrument for measuring the weight of a salt solution per unit 
volume and thus giving a measure of its salt content ; used in strengthening 
pickle liquors with salt. 

Salt stains: Discolorations on the grain surface of hides and skins caused by improper 
or delayed curing. 

Salt thrower: A workman in a big packing plant who specializes in spreading rock 
salt over the hides during the building of a hide pack for curing. 

Sam, sammie, sammy: To condition leather with water to bring about a uniform 
distribution of water in the leather of abo.ut 30 to 40' percent by weight; to 
damnen leather in sawdust: to case leather. 
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Santobrite: Trade name for a commercial fungicide. 

Saturated air: Air containing the maximum amount of water that it can dissolve 
at any given temperature. 

Scabies: A contagious skin disease caused by a parasitic mite. 

Scored hides: Hides damaged during flaying by cuts that do not completely penetrate 
them. 

Scotch grain: A pebbled pattern given to the grain surface of leather by embossing. 

Scud: Remnants of epithelial tissues, hair pigment, etc., left in the grain layer 
of hides and skins after unhairing. 

Scudding: Removing the scud from unhaired hides and skins by the scraping action 
of a knife or blades by hand or by machine. 

Sebaceous glands: The oil-producing glands of the skin located in the grain layer. 

Sebum: The fatty materials of the sebaceous glands of the skin. 

Selection factors: Condition of hides as to soundness, good cure, pattern, and freedom 
from defects, etc., as relates to stock bought or sold on futures contracts. (See 
By-laws of Commodity Exchange, Inc., in Chapter 6.). 

Setting out: A method for removing the bulk of water from wet leather while smooth- 
ing it by hand or by machine preparatory to drying it. 

Shagreen: Epidermis of shark skin. 

Shank: The part of a hide or skin from a leg of the animal. 

Sharpening agent: A material added to a lime liquor to accelerate the loosening 
of the hair or hides and skins immersed in it. 

Shaved weight: The weight of a pack of leather taken after shaving or when its 
water content is about 50 percent. 

Shaving machine: A machine for reducing the thickness of leather or smoothing 
the^ flesh side by the cutting acton of sharp blades set spirally in a revolving 
cylinder. 

Shearling: Sheepskin or lambskin tanned with the wool on for garments or slippers. 

Shell: The butt of a horsehide containing the dense mass of fibers known as the 
glassy layer, which gives cordovan leather its characteristic properties. 

Shellac: A thick excrescence found on the small twigs of several species of East 
Indian trees, resulting from the bite or sting of the insect Coccus lacca; widely 
used in leather finishes to produce luster. 

Shirlan: Trade name for a commercial odorless fungicide. 

Shoulder: The portion of a hide in front of a line drawn perpendicular to the 
backbone line just back of the fore legs, but not including the fore shanks; 
when the head is removed, it is known as a headless shoulder. 

Shrink temperature: The temperature of water at which a strip of leather placed 
in it begins to shrink, which is different for each kind and degree of tannage. 

Side: One-half of a hide or skin cut in two along the line of the backbone. 

Sig water: An alkaline solution of soda ash, borax or ammonia used to wash the 
grain surface of leather preparatory to applying dye solutions by hand or 
by machine ; formerly a solution of stale urine. 

Skin: The outer covering of a small animal; a small hide; among cattle hides, 
one weighing less than 15 lbs. in the green, salted state. 

Skiver: The grain split of a sheepskin. 

Slack tanned: Having an insufficient degree of tannage to produce the desired 
characteristics in a leather. 

Slicker: A metal blade set in a wooden holder for setting out leather by hand. 

Sling psychrometer: A portable, swinging pair of wet-and-dry-bulb thermometers 
for measuring the relative humidity of the atmosphere. 

Slunk: The skin of an unborn or prematurely born animal. 

Small-packer hide: The hide of an animal slaughtered, flayed and cured in one of 
the smaller packing plants with fewer facilities for specialization than are 
found in the big packing plants. 

Snuffing: A very light buffing of the grain surface of leather. 
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Soak-flesMng: Fleshing hides during the preliminary soaking operation as distinct 
from fleshing after liming. 

Soaking: Treating raw hides and skins with water to clean them, to remove salt 
and soluble matters and to permit them to absorb water to prepare them for 
the later operations. 

Soap: A compound of alkali and fatty acid soluble in water and capable of emulsi- 
fying oils in water. 

Soda ash: A white powder consisting of anhydrous sodium carbonate; an alkaline 
material used to neutralize acids and to clean and prepare vegetable-tanned 
leather for bleaching with acid. 

Sodium bifLuoride: A white salt used for disinfecting restricted-import hides and 
skins in accordance with the regulations of the Bureau of Animal Industry. 

Sodium bisulfate: An acid salt sometimes used along with goulac in the oil wheel 
for filling and brightening the color of sole leather. 

Sodium chloride: Common salt. 

Sodium cyanide: An extremely poisonous material that has found some use as a 
powerful sharpening agent in lime liquors. 

Sodium formate: A white crystalline salt soluble in water that forms complex 
compounds with chromic salts and is used in chrome tanning to bring about a 
greater degree of chrome tannage. 

Sodium hydrosulfide: A sharpening agent used in liming that is just as effective, 
but less caustic in its action than sodium sulfide. 

Sodium metaphosphate: A new tanning agent sold under the trade name of Calgon. 

Sodium permanganate: A powerful oxidizing agent used in conjunction with sodium 
bisulfite and acid to whiten dirty raw stock. 

Sodium sulfhydrate: Same as sodium hydrosulfide. 

Sodium sulfide: A sharpening agent widely used in^ lime liquors, which forms 
both sodium hydrosulfide and caustic soda when dissolved in water. 

Sodium tungstate: A white salt of tungsten used as a tanning agent in the manu- 
facture of some kinds of white leather. 

Solcod: Trade name for a group of commercial sulfonated cod oils. 

Sol-Neats: Trade name for a series of commercial fatliquoring materials. 

Sour dip: An acid solution containing Epsom salt and fermenting corn sugar into 
which dry sole leather is dipped to improve its color and feel before drying 
again. 

Specific gravity: The weight of a substance per unit volume, recorded as the 
weight of a given volume of a substance divided by the weight of an equal 
volume of water. 

Specific heat: The number of calories of heat required to raise the temperature of 
one gram of a material by 1® C. 

Spent tan: Vegetable-tanning materials or solutions from which practically all of 
the tannin has been removed. 

Spew: A portion of the oily constituents of leather that comes to the grain surface 
in the form of white crystallized fatty acids or as a gummy spew in the form 
of dark oxidized fatty acids. 

Spirilla: Bacteria shaped like bent rods. 

Splits; The^ layers of leather produced by splitting a hide or skin horizontally 
and designated as grain split, middle split and flesh split, according to location. 

Splitter: A workman in a tannery who operates a splitting machine; a workman 
in a packing house who splits a carcass into two sides. 

Splitting: Cutting a hide vertically with a knife into sides, bends, bellies, etc., or 
horizontally with a splitting machine into splits. 

Splitting horse: A wooden frame for supporting a hide while cutting it into two 
sides. 

Splitting machine: A machine equipped with gripping cylinders and a belt knife 
for cutting hides and skins horizontally into splits or for levelling the thickness 
of leather. 
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Sponging: Washing the grain surface of sole leather with an emulsion of kerosene, 
oils and waxes preparatory to rolling. 

Spot hides: Hides sold for cash in the normal course of business without reference 
to the hide futures market. 

Spray finishing: Applying liquid finishes to leather by means of a spray gun. 

Spreading:^ The tendency for an oil to creep over the entire surface of water on 
which it is placed; important in stuffing leather and in oiling off. 

Spready hide: A hide with a large area in relation to its weight. 

Spruce extract: Trade name for a commercial vegetable-tanning extract made by 
acidifying and purifying sulfite liquors from paper mills. 

Stag hide: The hide of a male of the ox kind that was castrated later in life than 
the steer, often when a year old. The longer castration is delayed, the more 
like a bull’s the hide becomes. It has no recognized designation on the hide 
market, but is classed as steer or bull whichever it more nearly resembles, 
causing frequent difficulties in classification. 

Staking: Flexing leather to separate fibers sticking together and thus to make it 
softer. 

Staphylococci: Irregular clusters of spherical bacteria. 

Steer hide: The hide of a male of the ox kind that was castrated when a calf 
several months old : it is finer, tighter in structure and more uniform in thickness 
than a bull hide. 

Sticker: A butcher in a big packing plant who specializes in killing the animals 
by inserting his knife in the dewlap and severing the jugular vein. 

Sticking piece: The dewlap or hanging skin under the throat of cattle, where 
the butcher first inserts his knife in the slaughter. 

Stick vat: A vat containing vegetable- tan liquor into which calfskins are hung 
suspended from wooden sticks. 

Stock liquor: Strengthening liquor; strong tan liquor used to strengthen liquors 
weakened by tanning stock in them. 

Streptococci: Long chains of spherical bacteria. 

Stretch of leather: The percentage increase in length of a strip of leather upon the 
application of a given pull in lbs. per unit area of cross-section of the strip. 

Stuffing: Applying hot, molten greases to wet leather in a drum in the absence 
of water in excess of that held by the wet leather (about 50 percent by weight). 

Sudoriferous glands: The sweat glands of the skin. 

Suede leather: Very small skins finished on the flesh side by buffing to produce a fine 
and soft nap. 

Sulfite cellulose: A by-product of paper mills produced in the sulfiting of wood 
pulp ; used in vegetable tanning. 

Sulfonated oils: Oils rendered soluble in water by chemical treatment with sulfuric 
acid. 

Sulfur dioxide: A colorless gas of pungent and characteristic odor, made by burn- 
ing pure sulfur in air; usually sold as liquid in steel tanks under pressure; used 
as reducing agent in making chrome liquor from sodium dichromate. 

Sunning: The exposure of patent leather to strong sunlight to remove the tackiness 
from the varnish. 

Superficial fascia: The flesh of a hide skin. 

Superspruce extract: Trade name for a highly purified form of spruce extract. 

Surface tension: The tendency for the particles of a liquid to draw themselves 
together so as to present the smallest possible surface, as in the tendency 
for a drop of water to assume a spherical shape. 

Swabbing: Spreading a liquid over the surface of leather by hand. 

Sweat chamber: A warm room in which the hair of skins is loosened by bacterial 
decomposition. 

Sweat glands: The glands of the skin just below the hair bulbs that secrete per- 
spiration and pass it to the skin surface by means of ducts. 
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Sweating: An old method of loosening the hair of skins by allowing controlled putre- 
faction to take place in warm rooms. 

Swelling: An increase in volume of protein fibers and jellies caused by absorption 
of water. 

Synektau: Trade name for a series of commercial syiitans. 

Syntan: An artificial organic tanning material. 

Synthesis: The building up of a substance from its simpler parts; the opposite of 
analysis. 

Tacking: Stretching out a piece of damp leather and tacking it onto a wooden 
frame to dry in a smooth and stretched condition. 

Tacky: Sticky, not slippery. 

Tearing resistance: The load in lbs. required to continue a tear in leather once 
started. 

Tail puller: A butcher in a big packing plant who specializes in skinning the tail 
of a carcass and pulling out the tail bone. 

Tail vat: The tanning vat in a series that contains the weakest liquor; the vat 
into which the raw stock is hung for vegetable tanning. 

Take-off: The flaying of an animal. 

Tamol: Trade name for a neutral syntan sold in dry, granular form for producing 
a more uniform color in the dyeing of leather. 

Tanasol: Trade name for a series of commercial syntans. 

Tauigan: Trade name for a series of commercial syntans. 

Tannin: A water-soluble material of vegetable origin that will combine with hide 
protein, rendering it resistant to putrefaction, and resist subsequent removal by 
washing. 

Tanolin: Trade name for a series of commercial one-bath chrome-tanning materials; 
the original one-bath chrome liquor. 

Tanoyl: Trade name for a series of commercial oil products used for fatliquoring 
and for various other treatments of leather. 

Tare allowance: The portion of the total weight of a shipment of hides that repre- 
sents weight otlxer,, than that of the hides themselves and which is deducted from 
total weight in calculating the price to be paid. 

Tartar emetic: Potassium antimony tartrate; used as a mordant in dyeing leather. 

Tawing: A name applied to alum tanning because the leather produced is not so 
stable as leathers produced by vegatable tanning or by chrome tanning. 

Tempering: Soaking extracted vegetiDle-tanned sole leather in weaker tan liquors 
to remove the excess of tanning' extract from the outer surfaces of the leather. 

Temper of leather: The resistance of light leather to bending and the extent to 
which it recovers its shape after bending. 

Tensile strength: The force required to pull apart a strip of leather per unit area of 
cross-section. 

Tergitol: Trade name for a group of commercial wetting and penetrating agents. 

Texas steer hide: A steer hide branded on side or butt, but of compact, narrow 
and close pattern and plump ; not necessarily from Texas. 

Thallophyta: The great division of plant life that includes bacteria, yeasts and 
molds. 

Thermodynamics: Study of relations between heat energy and other forms of energy. 

Thermostat: A device for maintaining constant temperature. 

Thermostat layer: The layer of hide or skin that contains the mechanism for con- 
trolling body temperature; the grain layer of leather. 

Three-arm staker: A staking machine designed to stake fur skins with a very 
mild action. 

Tin crystals: Stannous chloride or chloride of tin; a strongly acid material used 
as a mordant in dyeing leather. 

Ti-pure: Trade name for a series of commercial titanium dioxide white pigments. 

Titanium dioxide: A pure white pigment used in white-leather finishes. 

Titanox: Trade name for a series of commercial titanium dioxide white pigments. 
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Toggle: A metal clamp equipped with jaws to grip leather and a prong to hold 
it in place in a slotted metal frame. 

Toggling: Stretching out a ^ piece of damp leather and holding it in place for drying 
in a smooth and stretched condition by means of toggles set in slots in a metal 
frame. 

Tooling: Producing patterns in relief on the grain surface of leather by hand with 
the aid of a hot metal tool; hand embossing. 

Top finish: The last coat of finishing material applied in finishing leather. 

Tragacanth: A gummy exudation from the stems of plants growing in various 
Asiatic countries and used as a plasticizer in leather finishes. 

Tragasol: Trade name for a mucilagenous carbohydrate obtained commercially from 
the endosperm of certain vegetable seeds, such as the locust bean; incorporated 
into some types of leather to provide certain desirable characteristics; a plas- 
ticizer. 

Triethanolamine: An organic liquid used with fatty acids to produce fine and stable 
emulsions of oils and waxes in water. 

Trimming: Cutting away unwanted or unsightly parts of hides, skins or leather. 

Triton: Trade name for a series of commercial wetting, emulsifying and dispersing 
agents applicable in the treatment of raw skins and leather in the various 
processes of tanning, coloring and fatliquoring. 

True skin: The derma or corium. 

Trjrpsin: Enzymes obtained from the pancreas of an animal: pancreatin. 

Twaddell hydrometer: An instrument for measuring the weight of a liquid per 
unit volume. 

Two-bath process: A process in which raw stock is tanned by first treating it with 
a solution of sodium dichromate, which does not tan it, and then treating it with 
a reducing agent, such as hypo, to produce the basic chromic salt, which is the 
real tanning agent. 

Unctuous: A term applied to leather with the soft, full, oily feeling of glove leather. 

Urea: A substance abundant in perspiration; it is readily attacked by micro- 
organisms with formation of ammonia compounds which sometimes destroy the 
chrome-tanned leather in shoe uppers. 

Vacuum evaporator: A device for removing water from tannin extracts and other 
solutions and concentrating them at lower temperatures by keeping the atmos- 
phere above them at low pressure. 

Varnish coat: The last coat of varnish applied in the finishing of patent leather. 

Vat: A large rectangular container in which hides and skins are treated with water 
or water solutions, as in soaking, liming, bating, pickling and tanning; some- 
times equipped with paddle wheels for agitating stock and liquor and some- 
times with rocker frames as in the preliminary tanning of sole leather. 

Vegetable tanning: The conversion of raw hides and skins into leather by treatment 
with water solutions of tannin extracted from materials of vegetable orgin. 

Veiny leather: Leather in which the pattern of the larger blood vessels appears 
on the grain surface in the form of indentations. 

Ventilating power: The ability of leather to pass water from an atmosphere of 
higher to one of lower relative humidity. 

Vici kid: Trade name for a chrome-tanned glazed-kid leather; the first successful 
chrome-tanned leather. 

Vinylite resin; Trade name for certain synthetic plastics used in leather finishes. 

Viscol: A vulcanized oil; an oil treated with sulfur moiiochloride to make it more 
plastic. 

Voids: The percentage of the total volume of leather not occupied by leather 
fibers. 

Warm-water pool: A vat of warm water in which sole-leather hides after liming 
are kept until ready to be unhaired. 

Wart: A small fibroid tumor located in the grain layer of a skin; also a skin disease 
caused by a virus, or infective material. 
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Wear resistance: The reciprocal of the loss in thickness of leather after a definite 
amount of abrasive action on it. 

Wet-and-dry-bulb thermometer: A device containing two thermometers, one with 
a dry bulb and the other with its bulb covered with a fabric soaked with water; 
when air is blown across the two bulbs, the wet-bulb thermometer will show a 
lower reading than the dry-bulb thermometer unless the air is saturated; from 
the two readings, the relative humidity of the air can be found in the i-elative- 
humidity tables. 

Wetting agent: A material for treating dried chrome-tanned leather to facilitate 
its absorption of water to bring it back to the wet state. 

Wheel: Same as drum. 

Wheeling: Tumbling hides and ^ins or leather in a revolving drum. 

Whitening: Buffing the grain surface of stuffed harness leather on a machine 
equipped with bladed cylinders. ' 

Wild grain: Same as marbled grain. 

Wool-clipping machine: A machine designed to dip the wool of shearlings and 
furs to any desired length. 

Wool pnllers: Those who specialize in dewooling sheepskins and preparing them 
for tanning or for sale to tanners. 

Wringing: Removing the bulk of water from wet leather by passing it through 
specially designed wringers. 

Yards: The department of a tannery in which hides and skins are tanned. 

Yield of leather: The number of lbs. or sq. ft of finished leather obtained from 
100 lbs. purchased weight of raw stock. 
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Bauhmia vahlii, tannin from, 275 
Baume hydrometer, 288, 706 
conversion tables, 288 
Beam, 177, 216-9, 706 
Beamhouse, 201, 706 
Beam knife, 217 
Beamster, 217, 706 
Bearberry, tannin from, 274 
Bearskin, photomicrograph of grain pattern, 57 
Beaver (in packing house), 72, 706 
Bedda, tanning from, 279 
Beef wood, tannin from, 276 
Beeswax, 589, 605, 706 
Belgian Congo, import restrictions, 106 
imports of raw stock from, 85 
Belgium, import restrictions, 106 
imports of raw stock from, 18, 77-83 
trade agreement, 89 
Bellows leather, raw stock for, 167 
Bellies, definition of, 614, 706 
Belting leather, chemical composition of, 643 
currying of, 627 

effect of tanning and finishing on strength, 661-3 
import duties on, 86, 90 
photomicrograph of, 632 
properties of, 664 
raw stock for, 167 
Bend, definition of, 614, 706 
Benzene, 594 


Benzoin, 598 

Benzopurpurine (dye), 515 
Ber, tannin from, 279 
B. erodiens, 259 
Betanaphthol, 466, 591-2, 706 
Betelnut palm, tannin from, 274 
Betula alba, 598 
tannin from, 275 
Betula lenta, tannin from, 275 
Big-packer hides, definition of, 17, 59, 706 
Billfold leather, raw stock for, 167 
Binders, 556-7, 566, 584-5, 595, 598, 706-7 
Biobate, 259, 706 
Birch oil. 16, 598 

Bird leather, import duties on, 87, 92 

Bismarck Brown (dye), 484, 513, 515 

Bisulfiting vegetable-tanning extracts, 288, 706 

Biting lice, 115 

Black birch, tannin from, 275 

Black cypress pine, tannin from, 275 

Black fox, import duties on, 86, 90 

Black gum, tannin from, 276 

Black locust, tannin from, 278 

Black mallet, tannin from, 276 

Black mangrove, tannin from, 275 

Black oak, tannin from, 277-8 

Black pine, tannin from, 277 

Black vegetable-tanned strap leather, finishing, 604 
Black wattle, tannin from, 274 
Blackheads, 30 

Blacking harness leather, 626 
Blacking machine, 550 
Blackwood, tannin from, 274 
Blanc fixe, oil-absorption values, 590 
Bleached carnariba wax, 589 
Bleaching machine, 617 
permanganate, 454 
sole leather, 617-8, 706 
vegetable-tanned light leather, 452-4, 706 
Bleeding, 706 
Blendoyl, 605, 706 

Blood, used in leather finishes, 586, 605 
Blood albumin, 585-6, 706 
Blood vessels, 34 
Bloodwood, tannin from, 276 
Bloom, 706 

Blue bush, tannin from, 274 
Blue fig-bark, tannin from, 275 
Blue-leaved mallet, tannin from, 276 
Blushing, 594, 706 
Boarding, 571-3, 601, 707 
Boiling test for chrome leather, 369 
Boils. 30^ 

Bolivia, import restrictions, 106 

imports of raw stock from, 77, 79, 80, 83, 85 
tannins from, 275 
Bombay, import restrictions, 106 
imports of raw stock from, 18 
Bookbinding leather, raw stock for, 167 
Borax, in dyeing leather, 482, 484 
fatliquoring leather, 478 
leather finishes, 5S7 
soaking raw stock, 197 
Bordeaux (dye), Sll, 515 
Borneo cutch extract, see cutch extract 
Bosw cilia serrata,^ tannin from, 275 
Box myrtle, tannin from, 277 
Box toes, import duties on, 86, 90 
Boxing-glove leather, chemical composition of, 643 
dyeing and fatliquoring of, 483-4 
photomicrograph of, 381 
propei'ties of, 664 
raw stock for, 167 
Brachysporium, 466 
Bran drench, 268-70 
Brand damage, photographs of, 110 
Branding, 108, 110-1 
Brazil, import restrictions, 106 
imports of raw stock from, 77-85 
tannins from, 274, 276-8, 284 
trade agreement, 89 
Brazil wax, 588 

Break of leather, 564-5, 693, 707 
method of measuring, 693 
Bridle leather, raw stock for, 167 
Brief-case leather, raw stock for, 167 
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Brilliant dyes, 511-5 
Brining, 70, 707 
Brisket, 707 
Bristles, 55 

British East Africa, import restrictions, 106 
imports of raw stock from, 77-81, 85 
British gum, 588 

British Honduras, imports of raw stock from, 83, 
84 

British India, import restrictions, 106 
imports of raw stock from, 18, 77-83 
British Malaya, import restrictions, 106 
imports of raw stock from, 82-3 
British South Africa, import restrictions, 106 
imports of raw stock from, 77, 84 
British West Indies, imports of raw stock from, 
80-1, 84 

Brokers, hide, 133 
Bromcresol Green, 194 
Bromphenol Blue, 194 
Bromthymol Blue, 194 

Bruguiera, tannin from various species of, 275 
Brush coat, 611, 707 
Brushing leathei', 555, 567-70, 622, 707 
machines, 567, 622 
Bryophyta, 187 
Buck side leather buffing, SSI 
chemical composition of, 643 
effect of relative humidity on area, 674 
photomicrograph of, 640 
properties of, 664, 671, 674, 682, 684, 707 
raw stock for, 167 
Buffalo hides, imports of, 82 
photomicrograph of, 630 
Buffer, pH, 707 
Buffing, 549-54, 625, 707 
machines, 549, 551-4, 625 
Buffing suede leather, 485 
Building a hide pack, 63-69, 707 
Bulgaria, import restrictions, 106 
imports of raw stock from, 77, 80-1 
Bull hide, definition of, 16, 707 
Bull oak, tannin from, 275 
Bumelia ohtusifolia, tannin from, 275 
Bundling leather, 581-6 
Bundling raw stock, 72-3 

Bureau of Animal Industry, regulations, 97-107 
Burma, imports of raw stock from, 77-8 
tannins from, 275, 277, 279 
Burnt sienna (pigment), 558 
oil -absorption value of, 590 
Burnt umber (pigment), 558 
oil-absorption value of, 590 
Bush mangrove, tannin from, 275 
Butanol, 594 
Butcher cuts, 125, 707 
photograph of, 125 

Butt-branded hides, definition of, 17, 149, 707 
Button lac, 588 
Butyl acetate,, 594 
By-products, 235 

Byrsonima, tannin from various species of, 275 


c 

Cabbage palmetto, tannin from, 278 
Cabralea sp., tannin from, 275 
Cabretta, 52, 167, 707 
photomicrograph of, 52 
Caddie-bag leather, raw stock for, 167 _ 
Caesalpima, tannin from various species of, 275, 
284 

Calcium chloride, use in unhairing, 229 
Calcium hydrosulfide, as an unhairing agent, 209 
Calcium hydroxide (see lime) 

Calco dyes, 515 

Calfskins, photomicrographs of, 31-2, 35, 45-7, 
56, 126-9, 202-5, 213-4, 245-6, 248, 318, 
373, 426, 428-9, 454-5, 493-4, 542-4, 639 
(see under all appropriate chapter headings) 
Calgon, 422-30, 484-5, 707 
-chrome tanning, 430 
leathers, photomicrographs of, 426, 428-9 
tanning, 422-27 > 

-vegetable-tanning, 427-30 
white leathers, 429-30 


California, tannins from, 274, 277-9 
California laurel, tannin from, 279 
Call for hides, 154 

Callitris, tannin from various species of, 275 
Camellia the a, tannin from, 275 
Calorie, 26-7, 707 
Camanchile, tannin from, 277 
Camel hide, grain pattern of, 57 
Canada, imports of raw stock from, 18, 77-85 
trade agreement, 89 
Canaigre, tannin from, 278 
Cancelled hide certificates, 143 
Cancharana, tannin from, 275 
Candelilla wax, 589, 707 
Cap leather, raw stock for, 167 
Caparossa, tannin from, 277 
Cape Good Hope, import restrictions, 106 
tannins from, 274, 277, 278 
Cape sumac, tannin from, 277 
Carapa moluccesis, tannin from, 275 
Carbolic acid, 591 

Carbon black, in linseed-oil varnishes, 610 
Carding, 489, 707 
machine, ,489 

Carissa spinarium, tannin from, 275 
Carnauba wax, 481, 557, 561, 567, 588-9, 707 
Carnauba-wax emulsion, 481 
Carpincho skin, 707 
Carragheein, 587 
Casagha pine, tannin from, 275 
Cascalote, tannin from, 275 
Case leather, fatliquoring and dyeing, 485 
finishing, 604 
import duties on, 87, 91 
raw stock for, 167 

Casein, effect on ventilating properties of leather. 
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use as binder in finishing, 556-7, 566, 584, 707 
Cassia, tannin from various species of, 275 
Castanea, tannin from various species of, 275, 281 
Castanopsis, tannin from various species of, 275 
Castile soap, 480, 566 
Castor oil, 567, 594 
Castration, effect on hides, 16 
Casuarina, tannin from various species of, 275 
Catechine (dye), 514 
Cattle hides, domestic production, 78 
exports, 79 
import duties on, 86 
imports, 77 

movement into sight, 75 
Caustic soda, destruction of hair by, 201 
in Arazym unhairing, 229 
in soaking dry stock, 196-9 
CCCC dyes, 511:4 

Ceanothus, velutina, tannin from, 275 
Cedrillo, tannin from, 275 
Celavinia, tannin from, 275 
Celery-topped pine, tannin from, 277 
Cellobiase, 463 
Cells, epithelial, 21-3 
reproduction of, 21 
Cellulose ethers, 597 
Cellulose nitrate, 593 
Centigrade thermometer, 707 
Central America, tannins from, 275, 284 
Centrosome, 21 
Ceratonia, siliqua, 587 
Cerealin, 269 

Ceriops, tannin from various species of, 275 
Certification of hides, 140-2 
Ceylon, import restrictions, 106 
tannins from, 279 
Chalky carnauba wax, 589 
Chamois leather, definition of, 16, 707 
import duties on, 92 
raw stock for, 167 
tanning, 430-3 
Chamoising, 430-3, 707 
Changes in import duties, 87, 96 
Charges on hide contracts, 145 
Checker, 581 

Checking leather, 581-2, 584 
Cheeking calfskins, 220, 707 
machine, 221 
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Chemical composition of leathers, 639-46, 686 
at diiferent depths below grain surface, 644 
comparison of butts and bellies, 645 
Chestnut blight, 281, 707 
Chestnut oak, tannin from, 278 
Chestnut-wood extract, acids in, 304 
cost of, 293 

domestic consumption, 280 
domestic production, 279 
fixation value of, 298, 300 
in dyeing, 516 

penetrating power of, 298, 300 
stabilitj^ of, 294-6 
sugars in, 304 
tannin content, 292-3^ 

at different Baume readings, 289 
Chile, import restrictions, 106 
imports of raw stock from, 80-1 
tannins from, 275, 277 
Chilson attachment for splitting machine, 446 
China, import restrictions, 106 

imports of raw stock from, 77-80, 82-3. 85 
Chinese nutgalls, tannin from 272 
Chinoline Yellow (dye), 512 
(Hiloride ion, 192 
Chlorinated rubber, 597 
Chlorination, 191, 199 
Chlorinator, photograph of, 190 
Chlorine, 189-91, 466, 707 
Chlorphenol Red, 194 
Chocolate shade of leather, 481 
Chon dr us arts pus, 587 
Chosen, import restrictions, 106 
Chromatin, 21 

Chrome Blue Black (dye), 514 
Chrome Brown (dye), 514 

Chrome liquor, effect of variables on pH value, 
395-9 

manufacture of, 364-8 
tanning with, 363-416 
Chrome Red (dye), 511 

CTirome retan cowhide leather, photomicrogi-aph 
of, 413 

Chrome retanning, 412-4, 708 
Chrome sole leather, 382-4, 623-4 
photomicrograph of, 383 
Chrome tanning, 363-416, 707 
effect of added salts, 399-403 
concentration, 399 
pH value, 401-3 
temperature, 404-7 
time, 404-7 

Chrome Yellow (dye), 512 
(pigment), 590 

Chrome-formate leathers, dyeing and fatliquoring, 
480 

Chrome-formate tanning, 391-2 
Chrome Green (pigment), oil-absorption value of, 
590 

Chromic oxide, 708 
Chromite, 363, 708 
Chromosome, 21 
Chrysoidine (dye), 511, 515 
Ciba dyes, 515 
Citromyces, 463 

City-butcher hides, definition of, 17, 59, 708 
Civet, 598 

Classification of hides, 16, 19, 149-51 
Clearer-out, 60-1. 708 
Cleistanfhus collinus, tannin from, 275 
Clipping machine, 488 
wool skins, 487-8 
Cloth Fast Blue (dye), 51 5 
Cloth Red (dye), 515 
Coast honeysuckle, tannin from, 274 
Coccus, 188, 708 
Coccus lacca, 588 

Cochin Cfiiina, import restrictions, 106 
tannins from, 276 
Cockle, 708 

Cocos, romansoffiana, tannin from, 275 
Cod oil, 482, 490, 619-20 
tanning with, 430-3 
Cohesion of fibers, 492 

Cold storage, photograph of calfskins in, 175 


Collagen, 30, 201, 207-31, 254-6, 708 
action of enzymes on, 254-6 
limewater on, 207-31 
Collar leather, import duties on, 87, 91 
raw stock for, 167 
Collatone, 466, 556, 566, 592, 708 
Collectors, hide, 132 

Collodion, effect on ventilating properties of 
leather, 670 

Colloidal clay, 389, 430, 485, 507-10, 619, 707 
photomicrographs of, 509 
Colombia, imports of raw stock from, 77-85 
trade agreement, 89 
Colophony, 588, 607, 708 
(^olor changes of dye pH indicators, 194 
Color Index, 708 
Color of hair, 25 

leather, effect upon temperature in sunlight, 
693-4 

tannins, effect of pH value on, 301 
Colorado steer hides, definition of, 16, 149, 708 
Colored side leather, finishing, 602 
Colorimetric measurement of pH value, 194-6 
Colt hides, imports of, 83 
photomicrograph of, 612 

leather, properties of, 643, 664, 671, 674, 682, 
684 

Comacid dyes, 511-4 
Combined tannin, 296, 708 

Combined water-soluble matter in leather, 292, 708 
Combing machine, 489 
Commissions on hide contracts, 145 
Commodity Exchange, Inc., hide by-laws, 139-54 
hide rules, 154-9 
photograph of trading on, 138 
Common oak, tannin fi'om, 278 
Congo Red, 481 
Conidia, 458, 466 
Conidiophores, 458 
Connective tissue, 19 _ 

Contract tanning, avoiding speculation by, 136 
Contract unit for hides, 152, 708 
Conversion tables for specific gravity, degrees 
Baume, degrees Twaddell and degrees barkom- 
eter, 288 

Copaifera lansdorii, tannin from, 275 
Copernica cerifera, 589 
Copperas, 481, 488, 626, 708 
Cordoba, 53 

Cordovan leather, 19, 53, 637, 708 
chemical composition of, 643 
photomicrograph of, 641 
properties of, 664, 671, 674, 682, 684 
raw stock for, 167 

Coriaria, tannin from various species of, 275 
Corium, 19, 708 

Cork arm graining board, photograph of, 572 
Cork oak, tannin from, 278 
Corn syrup, in making sole leather, 619-21 
Correct pattern of hides, 59, 60, 708 
Corrected grain, 708 
Cory his avcllana, tannin from, 275 
Cost of vegetable-tanning materials, 293 
Costa Rica, imports of raw stock fi*om, 83-4 
trade agreement, 89 
Cpulteria tinctoria, tannin from, 275 
Counter leather, 1 9 
import duties on, 86, 90 
raw stock for, 167 

Country hides, definition of, 17, 59, 708 
Cowhides, photomicrographs of, 20, 23, 29, 40-4, 
247, 377, 413, 610, 631, 633, 638, 640 
(see under all appropriate chapter headings) 
CW pox, 122 
Creosote, 591 
Cresol Red, 194 

Croceine Scarlet (dye), 484, 511 

Crocking, 485, 708 

Crop, definition of, 614, 708 

Cropping, 614-5, 708 

Crossostylis multiflora, tannin from, 275 

Crushed kid leather, finishing, 600 

Crusting, 523, 708 

Crusty break, 564, 585, 588, 709 

Cryptomcria japonica, tannin from, 275 
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Cuba, imports of raw stock from, 77-8, 84 

Cube gambier, 284 

Cu-nao, tannin from, 275 

Cupania, tannin from various species of, 275 

Cure, standard of, 147 

Curing, 62-70 

damage, photomicrographs of, 126-9 
shrinkage, 63-4, 69-70 
Curly hair, cause of, SO 
Currycomb . scratches, photograph of, 109 
Currying, 709 
Curtidor, tannin from, 279 
Curupy, tannin from, 274 
Cutch extract, 282, 709 
acids in, 304 
cost of, 293 

domestic consumption, 280 
fixation value of, 298, 300 
imports, 279 

penetrating power of, 298, 300 
stability of, 294-6 
sugars in, 304 
tannin content of, 292-3 

at different Baume readings, 289 
Cuticle, 709 

Cylinders for different type machines, photographs, 
451-2 

Cypress pine, tannin from, 275 
Cypress wood, used in building vats and drums, 
393 

Cyprus, tannin from, 274 
Czechoslovakia, import restrictions, 106 
imports of raw stock from, 77, 78, 80, 82 
trade agreement, 89 

B 

Dalhergia, tannin from, 275 
Damage, hide, 108-131 

Dampening chrome-tanned leather for staking, 
521-3 
Dandruff, 21 

Danzig, import restrictions, 106 

imports of raw stock from, 7^, 79, 80 
Dark-field illumination, 470, 709 
Daub coat, 609, 709 
Deacons, 709 
Dealers, hide, 132-3 
Deep yellow wood, tannin from, 278 
Deerskins, imports of, 83 
leather, chemical composition of, 643 
properties of, 664, 671 
raw stock for, 167 

Degradation products, removal in bating, 242-4 
Degreasing, 318, 386, 609, 709 
Degree of tannage, 709 
Delayed curing, effects of, 69 
Deliming, 239-40, 258 
Deliverable grades of hides, 148-50 
Delivery and payment for hides, 155 
■ Delivery months for trading in hides, 154 
Delivery points for hides, 144-5 
Dematiaceae, 458, 466 
Demodectip mange, 117-9 
Dendryphium, 466 
Denmark, import restrictions, 106 

imports of raw stock from, 78-9, 83, 85 
Derma, 19, 20, 23, 709 
Deterioration of leather by acid, 694-700 
Developed dyes, 485, 511-4, 709 
Dewclaws, 61, 709 
Dewlap, 60, 709 
Dewooling, 70, 230-4 
Dextrin, 588 

Dhawa, tannin from, 274 

Diacetone alcohol, 594 

Diaphragm leather, raw stock for, 167 

Diazine Black (dye), 485 

Dibutyl phthalate, 594 

Diethylene glycol, 558, 598-9, 60S, 709 

Differentials in hides, 152-3 

Diluents, lacquer, 594 

Dimensional changes in leather with relative 
humidity, 671-80 

Dimethyl amine, use in unhairing, 222, 709 


Dinitrophenol, 194 

Dioscorea atropurpurca, tannin from, 275 
Diplococci, 189, 709 
Direct dyes, 473, 481, 483, 511-5, 709 
Directional ventilating power, 670-1, 709 
Discoloration of tannin by iron, 304 
Discount grades of hides, 152 
Disease, hide damage by, 111-24 
Disinfectant, 709 

Disinfection of imported raw stock, 106 
Disodium phosphate, 484 
Dissolving hair, unhairing by, 229-30 
Divi-divi, imports of, 279 
stability of, 294 
tannin from, 275, 284 
use in dyeing, 516 
Docks, tannin from, 278 
Dog dung, use in bating, 237-8 
Dogskins, import duties on, 86 
Dolomite lime, 234 

Domestic production of hides and skins, 75-77 
vegetable-tanning extracts, 279 
Dominican Republic, imports of raw stock from, 
77, 78, 80 

Doornbosch, tannin from, 274 
Douglas fir, tannin from, 277 
Dowicides, 466, 592, 709 
Drawn flanks, 709 
Drenching, 268-70, 709 
Dribrite binder, 602-3 
Drier, linseed-oil, 609 
Drum setting-out machine, 440, 476 
Drums, photographs of, 179-81, 219, 378, 392-4, 
481-2 

Drumhead leather, raw stock for, 167 
Drumming, 709 

Dry dip for sole leather, 622-3, 709 
Dry hides, 17, 196, 199 
Dry loft, 471, 709 
Dry milling, 316, 710 
Dry, salted hides, 17, 72 
Drying light leathers, 518-55 
heavy leathers, 620-1, 626 
raw stock, 71 

distortions during, 177-8 
tunnels, 519-20, 545-8, 559, 709 
Dubbin, 710 
Duponol, 553, 710 
Dusting, 710 
Duties, import, 86-96 

Dye indicators for measuring pH value, 194, 710 
Dyeing light leathers, 473, 509 
Dyestuffs, aniline, 510-6, 591, 70S 
natural, 715 

E 

East Africa, import restrictions, 106 
tannins from, 275 
East India kips, 18 
East Indies, tannins from, 277, 284 
Ecuador, import restrictions, 106 

imports of raw stock from, 80-1, 83, 85 
trade agreement, 89 
Egg albumin, 566, 585, 710 
Egg yolk, 478-501, 710 
effect on fatliquoring, 502-5 
photomicrograph of fatliquor, 503 
Egypt, import restrictions, 106 
imports of raw stock frona, 80-2 
Elaeocarpus grandis, tannin from, 275 
Elastin, 36, 710 
action of limewater on, 202-5 
Elastin fibers, hydrolysis of, 202-5, 245-54 
photomicrographs of, 202-5, 245-50 
Electrometric measurement of pH value, 290 
Elephant roots, tannin from, 275 
Elephantorrhim burchellii, tannin from, 275 
Elk hides, imports of, 83 
Elk-leather fatliquor, 480 
fatliquoring, 480 
finishing, 600, 603 
raw stock for, 167 
properties of, 643, 664 
Embossed leathers, designs for, 577 
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Back boarding, 70S 
Backers, 60-1, 70S 

Bacteria, 129-30, 186-91, 2S8-60. 70S 
hide damage by, 129-30 
in bating, 2S8-60 
in soaking, 186-91 
method of reproduction, 188-9 
photomicrographs of, 187-8 
Bacterial counts, reduction by chlorination, 191 
Badamier, tannin from, 279 
Bag leather, chemical composition of, 643 
fatliquoring and dyeing, 485 
import duties on, 8,7, 91 
raw stock for, 167 

strength, stretch and tearing resistance of, 664 
Ba.gging of sole leather, 329 
Bahau, tannin from, 275 
Baldness, 25 

Banksia, tannin from various species of, 274 
Barbados, imports of raw stock from, 79-81 
Barbatimao, tannin from, 278 
Barbed-wire scratches, 108-9 
Barium chloride, in makinp;' white leather, 388 
Barium sulfate, oil-absorption value of, 590 
Bark leather, 70S 
Bark mill, 329, 705 
Barkometer, 286-7, 70S 
conversion tables, 288 
temperature correction, 287 
Barretan, 70S 

Baseball leather, alum-tanning of, 418-20 
Calgon-tanning of, 429-30 
finishing of, 605 
photomicrograph of, 634 
tungstate-tanning of, 434 
wear-resistance of, 690 

Baseball-glove leather, dyeing and fatliquoring, 
484-5 

effect of splitting on tearing resistance, 654 
raw stock for, 167 

Baseball-shoe upper leather (kangaroo), photo- 
micrograph of, 642 

properties of, 643, 664, 671, 674, 682, 684 
raw stock for, 167 
Basic dyes, 478-9, Sll-3, SIS, 706 
Basicity of chromium salts, 364, 706 
effect of temperature on, 408 
Basil, 706 

Basis grade of hides, 151, 706 
Basketball leathers, chemical composition of, 643 
finishing of, 600, 605 
import duties on, 87, 91 
photomicrograph of, 633 
properties of, 664 
raw stock for, 167 
Bate master, 237, 241 
Bating, ^ 237-71, 706 
Bauhmia vahlii, tannin from, 275 
Baume hydrometer, 288, 706 
conversion tables, 288 
Beam, 177, 216-9, 706 
Beamhouse, 201, 706 
Beam knife, 217 
Beamster, 217, 706 
Bearberry, tannin from, 274 
Bearskin, photomicrograph of grain pattern, 57 
Beaver (in packing house), 72, 706 
Bedda, tanning from, 279 
Beef wood, tannin from, 276 
Beeswax, 589, 605, 706 
Belgian Congo, import restrictions, 106 
imports of raw stock from, 85 
Belgium, import restrictions, 106 
imports of raw stock from, 18, 77-83 
trade agreement, 89 
Bellows leather, raw stock for, 167 
Bellies, definition of, 614, 706 
Belting leather, chemical composition of, 643 
currying of, 627 

effect of tanning and finishing on strength, 661-3 
import duties on, 86, 90 
photomicrograph of, 632 
properties of, 664 
raw stock for, 167 
Bend, definition of, 614, 706 
Benzene, 594 


Benzoin, 598 

Benzopurpurine (dye), 515 
Ber, tannin from, 279 
B. erodienSj 259 
Betanaphthol, 466, 591-2, 706 
Betelnut palm, tannin from, 274 
Betula alba, 598 
tannin from, 275 
Betula lenta, tannin from, 275 
Big-packer hides, definition of, 17, 59, 706 
Billfold leather, raw stock for, 167 
Binders, 556-7, 566, 584-5, 595, 598, 706-7 
Biobate, 259, 706 
Birch oil, 16, 598 

Bird leather, import duties on, 87, 92 

Bismarck Brown (dye), 484, 513, 515 

Bisulfiting vegetable-tanning extracts, 288, 706 

Biting lice, 115 

Black birch, tannin from, 275 

Black cypress pine, tannin from, 275 

Black fox, import duties on, 86, 90 

Black gum, tannin from, 276 

Black locust, tannin from, 278 

Black mallet, tannin from, 276 

Black mangrove, tannin from, 275 

Black oak, tannin from, 277-8 

Black pine, tannin from, 277 

Black vegetable-tanned strap leather, finishing, 604 
Black wattle, tannin from, 274 
Blackheads, 30 

Blacking harness leather, 626 
Blacking machine, 550 
Blackwood, tannin from, 274 
Blanc fixe, oil-absorption values, 590 
Bleached carnauba wax, 589 
Bleaching machine, 617 
permanganate, 454 
sole leather, 617-8, 706 
vegetable-tanned light leather, 452-4, 706 
Bleeding, 706 
Blendoyl, 605, 706 

Blood, used in leather finishes, 586, 605 
Blood albumin, 585-6, 706 
Blood vessels, 34 
Bloodwood, tannin from, 276 
Bloom, 706 

Blue bush, tannin from, 274 
Blue fig-bark, tannin from, 275 
Blue-leaved mallet, tannin from, 276 
Blushing, 594, 706 
Boarding, 571-3, 601, 707 
Boiling test for chrome leather, 369 
Boils. 30 

Bolivia, import lestrictions, 106 

imports of raw stock from, 77, 79, 80, 83, 85 
tannins from, 275 
Bombay, import restrictions, 106 
imports of raw stock from, 18 
Bookbinding leather, raw stock for, 167 
Borax, in dyeing leather, 482, 484 
fatliquoring leather, 478 
leather finishes, 5S7 
soaking raw stock, 197 
Bordeaux (dye), Sll, 515 
Borneo cutch extract, see cutch extract 
BoswclHa scrrata,^ tannin from, 275 
Box myrtle, tannin from, 277 
Box toes, import duties on, 86, 90 
Boxing-glove leather, chemical composition of, 643 
dyeing and fatliquoring of, 483-4 
photomicrograph of, 381 
propei'ties of, 664 
raw stock for, 167 
Brachysporium, 466 
Bran drench, 268-70 
Brand damage, photographs of, 110 
Branding, 108, 110-1 
Brazil, import restrictions, 106 
imports of raw stock from, 77-85 
tannins from, 274, 276-8, 284 
trade agreement, 89 
Brazil wax, 588 

Break of leather, 564-5, 693, 707 
method of measuring, 693 
Bridle leather, raw stock for, 167 
Brief-case leather, raw stock for, 167 
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Gambler extract, cost of, 293 
imports of, 279 
tannin content of, 292-3 
use in dyeing, 478, 483, 516 
Gamble of hide-price fluctuation, avoiding, 161-5 
Gamraa-dinitrophenol, 194 
Ganib, tannin from, 276 
Garcinia mangostana, tannin from, 276 
Gardinol, 430, 485-6, 553, 712 
Garment leather, chemical composition of, 643 
dyeing and fatliquoring, 484 
finishing, 602, 604 
import duties on, 86-7, 91-'2 
photomicrograph of, 635 
properties of, 664, 671 
raw stock for, 167 
Garnet lac, 588 

Gasket leather, chemical composition of, 643 
raw stock for, 167 

Gauge, thickness, Randall & Stickney, 357 
Turner, 446 
Woburn, 579 

Gear leather, raw stock for, 167 
Gelatin, 30, 712 
diffusion of tannin into, 344-7 
distortion on drying, 177-8 
effect on ventilating power of leather, 670 
in leather finishes, 566, 586, 607 
Gentianase, 463 

Germany, import restrictions, 106 

imports of raw stock from, 77, 79, 80, 81, 83 
Gie-bob, tannin from, 278 
Gie-gay, tannin from, 275 
Gie-quang, tannin from, 278 
Gimlet, tannin from, 276 
Glands, 25 

Glass electrode, 290, 712 
Glassy layer, S3, 712 
Glauber’s salt, 712 

effect on, chrome tanning, 397-8, 401 
tannin fixation, 356-7 
in Arazym unhairing, 229 
in making white leather, 388-9 
Glazed kid leather, finishing, 600-1 
raw stock for, 167 
Glazing, 560-1, 565, 609, 712 

effect on ventilating power of leather, 670 
Glazing jack, 560, 565, 609, 712 
Glazing lacquer, 594 
Glossary of tei'ms, 705-24 
Glove leathers, chemical composition of, 643 
dyeing and fatliquoring, 484-5 
import duties on, 87, 91-2 
photomicrograph of, 638 
properties of, 654, 664 
raw stock for, 167 
Glue stock, 712 
Glyceride, 490 
Glycerin, in finishing, 606 
oiling off, 483 
Glyco Neats, 712 

Goatskins, photomicrographs of, 51, 380, 611 
(see under all appropriate chapter headings) 
Gold finishes, 590 

Gold leaf, applying to leather, 606-9 
Gold-beaters’ skin, 168, 712 
Golden wattle, tannin from, 274 
Golf-grip leather, finishing, 588, 605 
raw stock for, 167 
Gommeline, 588 
Goose pimples, 27 
Goran, tannin from, 275 
Gothar, tannin from, 279 
Goulac, 283, 619-20, 712 

Grades of hides deliverable at basis price, 152 
Grading and warehousing for hides, committee 
on, 139 

Grading of leather, 579-80 
Grain cracking, resistance of leather to, 664, 691 
Grain cracks from improper flaying, photograph 
of, 126 

Grain layer, 25, 712 
Grain patterns, 5 5 -8, 712 


Grain staking, 526 
Grain surface, 31, 39 
photomicrograph of, 31 
Graining leather, 571-3, 601, 712 
Grainy leather, 37, 240-2, 712 
Grassers, 712 
Gray hair, cause of, 25 
Great Britain, import restrictions, 106 
Greece, import restrictions, 106 
imports of raw stock from, 82 
Green and green, salted stock, 15 
Green wattle, tannin from, 274 
Grevillia striata, tannin from, 276 
Grey alder, tannin from, 274 
Grey ironbark, tannin from, 276 
Grub damage, photographs of, 111-4 
Grubby hides, 712 
Grubs, 111-5 
Guaiac, tannin from, 274 
Guanine, 590 

Guara, tannin from, 276-7 
Guatemala, imports of raw stock from, 83 
trade agreement, 89 
Guinea Green (dye), 512 
Guinea-pig skin, grain pattern of, 57 
Gully ash, tannin from, 276 
Gum arabic, effect on ventilating properties of 
leather, 670 

Gums used in leather finishes, 586-8 
Gummy spews, 490 
Gun-metal side leather, finishing, 603 
Gusset leather, raw stock for, 168 
Guyacan, tannin from, 275 

H 

Hagalav, tannin from, 275 
Hair, 21 

action of caustic soda on, 207 
limewater on, 206, 208, 231 
sulfides on, 207 

Hair bulb, photomicrographs of, 24, 44 
Hair follicle, 21-3, 116-20 
Hair papilla, photomicrograph of, 23 
Hair slips, 712 
Hair-washing machine, 235 
Hairy leather, chemical composition of, 643 
photomicrograph of, 629 
properties of, 664 . 

raw stock for, 168 

Haiti, imports of raw stock from, 80-1 
trade agreement, 89 

Hakea, tannin from various species of, 276 
Hand graining, 571-3, 601 
Hand plunger, photograph of, 211 
Hand setting, 478 
Hand slicker, 476 
Hand swabbing, 558 
Handbag leather, raw stock for, 168 
Handler vats, 309, 316, 712 
Hannoki, tannin from, 274 
Harness leather, 624-6 
chemical composition, 643-4 
import duties on, 86, 90 
photomicrograph of, 626 
properties of, 664, 671 
raw stock for, 168 

Hat sweatband leather, finishing, 602, 
raw stock for, 168 
Hawaii, tannins from, 274 
Hazel, tannin from, 275 
Head, definition of, 614, 712 
Head splitting, 712 
Head vat, 712 
Headers, 60-1, 712 
Headless shoulder, 614 
Heater for tan liquors, 335 
Heath honeysuckle, tannin from, 274 
Heavy hides, definition of, 16} 149-50, 712 
Heavy leathers, finishing, 614-28 
Hedging, avoiding speculation by, 137, 712 
Heifer, 712 

Hematine, 473, 483, 713 
Hemlock, tannin from, 274, 279, 284 
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Hemlock-bark extract, acids in, 304 
cost of, 293 

domestic consumption, 280 
production, 279 
fixation value of, 298 
imports, 279 

penetrating power of, 298 
stability of, 294-6 
sugars in, 304 
tannin content of, 292-3 

at ^ different Baume readings, 289 
use in dyeing, 516 
Hen manure, use in bating, 237-8 
Heritiera fames, tannin from, 276 
Herpes, 123 

Hickory wattle, tannin from, 274 
Hides, definition of, 15, 713 
nomenclature of, 16 
preparation for market, 59-74 
(see under appropriate chapter headings) 

Hide By-laws, 139-54 
Hide certificates, 142-3 

Hide contract for future delivery, 143, 146, 156, 
157 

Hide damage, 108-31 
Hide Exchange, 138 
Hide fibers, growth of, 30 
Hide house, 170-6 
photographs of, 174-6 
Hide Inspection Bureau, 141-3 
Hide market, variations in, 134-6, 160, 164 
Hide pack, 63-9 
Hide rules, 154-9 
Hide spreaders, 64, 67, 713 
Hide stamping machine, 172 
Hide trade committees, 139 
Hide trading ring, photograph of, 138 
Hide-droppers, 60-1, 713 
Hide-marking hammer, 172 

Hides and skins as by-products of packing 
industry, IS, 19 

Hide-substance content of pickled stock, measure- 
ment of, 372-4 

Highland oak, tannin from, 278 
Hill oak, tannin from, 278 
Himalayan maple, tannin from, 274 
Hind-1 eggers, 61, 713 
Histology of hides and skins, 19-58 
Hog pox, photographs of damage by, 122 
Hogskins, photomicrographs of, 24, 54, 119, 122, 
250, 321 

(see under appropriate chapter headings) 

Hog strips, 19, 77-8 

Honduras, imports of raw stock from, 77, 79, 80, 
83-5 

trade agreement, 89 
Hong Kong, impoi-t restrictions, 106 
imports of raw stock from, 83 
Hopea, tannin from various species of, 276 
Horned-toad skin, grain pattern of, 57 
Horse mortality, 78 
Horse, wooden, 268, 713 

Horsehides, photomicrographs of, 53, 56, 341-2, 
384-5, 612, 634, 641 

(see under appropriate chapter headings) 
Horsing, 267, 472, 713 
Hot-air stuffing mill, 481, 713 
Hot water, resistance of leather to, 369, 418, 
421-2, 432, 692, 719 

Human skin, photomicrographs of, 22, 26, 28, 
36, 38 

Huniidiguide, 532 

Hungary, import restrictions, 106 

Hunting-boot leather, ventilating power of, 671 

Hyaline layer, 39, 713 

Hybrids, 52 

Hydnora longtcollis, tannin from, 276 
Hydraphtal, 713 
Hydrated lime, 234 
Hydraulic leather, raw stock for, 168 
Hydraulic press, 173 

Hydrochloric acid, destructive action on leather, 
698-9 

effect on plumping, 358 
in chrome tanning, 379 


Hydrochloric acid, in drenching, 270 
dyeing, 485 
Hydrogen ion, 192-4 
Hydrolysis, 189, 201, 205, 245-59, 713 
Hydroxide ion, 192-3 
Hygrometer, 532-3, 713 
Hypernic, 480-1, 484, 516, 713 
Hypha, 457 
Hypo, 363, 388,^ 713 
Hypoderma bovis, 111-2 

I 

Iceland moss, 587 

Impinge Aire Pasting Dryer units, 545-7 
Import duties, 86-96 

Import restrictions from various countries, 106 
Imports of raw stock, 75-85 
vegetable-tanning materials, 279 
Inconel drums, 392-4 
metah 713 

India, import restrictions, 106 
imports of raw stock from, 77-85 
tannage, 18, 713 
tannins from, 274-9, 282 
Indian buffalo hides, imports of, 82 
photomicrograph of, 630 
Indian Red (pigment), 558, 590 
India-tanned hides, 18 
import duties on, 93 
Tndigotine (dye), 513 
Indochina, import restrictions, 106 
tannins from, 275, 278 
Tnduline (dye), 513 
Infection, 713 

Inga, tannin from various species of, 276-7 

Ingua gwazu, tannin from, 276 

Inner soles, import duties on, 86, 90 

Insole leather, raw stock for, 168 

Inspection, grading and weighing of hides, 142 

Inspection of hides at tannery, 170 

Inspector-in-chief for hides, 140 

International Critical Tables, 273, 631 

Inulase, 463 

Invertase, 463 

Ion, 713 

Ionization, 192-3 
Iran, import restrictions, 106 
imports of raw stock from, 80-2 
Iraq, import restrictions, 106 
imports of raw stock from, 80-2 
Iridescent finishes, 590 

Irish Free State, imports of raw stock from, 
80, 83 

Irish moss, 480, 587, 713 

Iron (as a measure of thickness), 687, 713 

Iron discolorations of tannins, 304 

Iron tanning, 435 

Ironbark, tannin from, 276 

Ironing leather, 573, 713 

Tronwood, tannin from, 275-6 

Isinglass, 586, 713 

Italian Africa, import restrictions, 106 
imports of raw stock from, 80 
Italy, import restrictions, 106 

imports of raw stock from, 77, 80-2 
tannins from, 278 
Itcha, tannin from, 279 

j 

Jamaica, imports of raw stock from, 77, 80-1, 
83-4 

Jamba, tannin from, 279 

Jamrosa, tannin from, 279 

Janus Black (dye), 480 

japan, tannins from, 274-5, 277-8 

japan wax, 589, 713 

japanese cedar, tannin from, 27S 

Japanese chestnut, tannin from, 275 

japanese oak, tannin from, 277 

japanned leather, 607-13, 713 

Japanning, 607, 609-11 

java plum, tannin from, 276 
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Jhao, tannin from, 278 _ 

Juniperus recurva, tannin from, 277 

K 

Kaatigua, tannin from, 279 
Kafco finish, 604 
Kahua, tannin from, 278 
Kambuata, tannin from, 275 

Kangaroo' leathers, chemical composition of, 643 
photomicrograph of, 642 
properties of, 664, 671, 674, 682, 684 
raw stock for, 168 
skins, 19 

imports of, 84 
Karri, tannin from, 276 
Kasliew nut, tannin from, 274 
Keratin, 201, 206-7, 213-4, 231, 713 
Keratose, 243-4, 713 
Kermes oak, tannin from, 277 
Kerosene, in degreasing sheepskins, 318 
sponging sole leather, 621 
Kickers, 431, 713 

Kid leathers, chemical composition of, 643 
import duties on, 87, 91, 93 
properties of, 664, 671, 674, 682, 684 
Kidco finish, 600 
Kidskins (see goatskins) 

Kili bark, tannin from, 276 
Killing floor, 60 
Killing wool, 488, 713 
Kips, definition of, 16, 713 
exports, 79 
imports, 78 

movement into sight, 75 
Kip leather, import duties on, 86 
Kiss spots, 329, 713 
Kiton dyes, 515 
Knee staker, 527-9, 713 
Knockers, 60, 713 
Knocking pens, 60 
Knotted tree, tannin from, 277 
Koa tree, tannin from, 274 
Kodarsi, tannin from, 275 
Koku, tannin from, 274 
Korea (see Chosen) 

Koreon, 387, 714 
Kosher hides, 714^ 

Krameria triandria, tannin from, 277 
Kumbuk, tannin from, 279 
Kupaih, tannin from, 275 
Kurupaih-ra puihta, tannin from, 277 


L 

Lac dye, 588 
Lacca, 588 ^ 

Lace leather, raw stock for, 168 
Lacquers, 593-6, 603, 613, 714 
emulsion of, 603 
LacTan-X, 283, 714 

Lactic acid, effect upon plumping, 357-8 
in vegetable-tanning extracts, 304 
Labrador, imports of raw stocks from, 77, 79, 
81, 83-4 

Lakes (dye), 591 
Lambskins, (see sheepskins) 

Laminaria, 587 

LaMotte pH comparator, 194-6 
photographs of, 195-6 
•dye indicators, 194 
Larch, tannin from, 277 
Larix, tannin from various species of, 277 
Lasting, effect of kind of tannage on, 692 
Latent heat of vaporization, 26, 714 
Latvia, imports of raw stock from, 79 
Lauras linque, tannin from, 277 
Layaways, 714 
Layer vats, 325-7 
Laying away, 714 
Laying-bye, 67, 714 
Leach casting machine, 331-2, 714 
Leach house, 286, 330-6, 714 
Leaching tanks, 330-3 

Leaching vegetable-tanning materials, 281-4, 714 


Leather, definition of, 15, 714 
Leather finishes, 556-9 
Leather gauges, 357, 446, 579 
Leatherlubric, 484, 714 
Lecithin, 505, 714 
Leggers, 60-1, 714 

Lemon chrome yellow (pigment) , oil-absorption 
value of, 590 

Leuceadendron argenteum, tannin from, 277 
Leucospermum conocarpum, tannin from, 277 
Leukanol, 320, 388, 414-8, 484, 714 
Lice, 115 

Licensed warehouse for hides, 144, 714 
Licensed weighmasters for hides, 144 
Light hides, definition of, 16, 149-50, 714 
Lightning buffing machine, 553 
Lignins, 283 
Lignites, 589 
Lime, dolomite, 234 
hydrated, 234 

removal from limed stock by washing, 220 
Lime fleshing, 714 
Lime liquor, 714 
Lime reel, 226 
Lime slaking, 714 

Limewater, photomicrographs of action on raw 
stock, 202-5, 213-4 
Liming, 201-36 

Limitation on delivery against hide contracts, 143 
Lining kid leather, finishing, 600 
Lining leathers, finishing, 600, 602 
raw stock for, 168 

Linseed mucilage, effect on ventilating proper- 
ties of leather, 670 
in leather finishes, 566, 587 
Linseed-oil varnishes, 607-13 

effect on ventilating properties of leather, 
671 

vulcanized, use in waterproofing sole leather, 
627 

Linum usitatissimum, 587 
Lipase, 242, 463, 714 

Litharge, in linseed-oil varnishes, 611, 613 
Lithophone, oil-absorption value of, 590 
Lithuania, imports of raw stock from, 79 
Litmus, 194 

Live oak, tannin from, 277 
Lizard leathers, raw stock for, 168 
Locust-bean gum, 587 
Logwood, 516, 558, 626, 714 
Long-leaved pine, tannin from, 277 
Loom-strap leather, raw stock for, 168 
Loose leather, 129 
Lost hide certificates, 144 
Lower California, tannins from, 277 
Lowland fir, tannin from, 274 
Ludwigia caparossa, tannin from, 277 
Luggage leathers, raw stock for, 168 
Lustrone colors, 604, 714 ^ 

Luxembourg, import restrictions, 106 
Lysiloma Candida, tannin from, 277 

M 

Macroscopic, 714 

Madura pomifera, tannin from, 277 
Macrosporium, 465-6 

Madagascar, imports of raw stock from, 77 
Madras, import restrictions, 106 
imports from, 18 
Magenta (dye), 511 

Magnetic oxide (pigment), oil-absorption value, 
590 

Mahogany, tannin from, 276 
Malachite Green (dye), 512, 515 
Malay Archipelago, import restrictions, 106 
tannins from, 279, 282 
Mallet damage on calfskins, photograph, 126 
Malpighia, tannins from various species of, 277 
Malpighian layer of epidermis, 203, 212, 715 
Maltase, 463 ■ ^ 

Mange damage to hides, 116-21, 715 
Mangoustan, tannin from, 276 
Mangrove, tannin from, 275, 278, 282 
(see Cutch extract) 
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Mangrutta, tannin from, 277 
Manna gum, tannin from, 276 
Manna wattle, tannin from, 274 
Manufacturers’ leather, 619, 715 
Marbled grain, 715 

Marking hides for subsequent identification, 
170-2 

Marsh rosemary, tannin from, 278 
Matadero hides, definition of, 17, 715 
Materials used in making drums and vats, 393-5 
Matrixes for embossing presses, 574, 576, 578, 
715 

Maul oak, tannin from, 277 

Maxwhite, 486, 599, 715 

Measuring area of leather, 580-3 

Measuring machines, 581-3 

Mechanical damage to hides, 108-11 

Mechanical leathers, raw stock for, 168 

Medicine-ball leather, import duties on, 87, 91 

Mediterranean coasts, tannin from, 277-8 

Mediterranean islands, import restrictions, 106 

Medium chrome yellow (pigment), 588, 590 

Melanthrene (dye), 515 

Melezitase, 463 

Mercuric chloride, 466 

Merpol, 715 

Mertanol, 418, 715 

Messmate, tannin from, 276 

Metacresol Purple, 194 

Metanitrophenol, 194 

Meter leather, raw stock for, 168 

Methanol, 715 

Methyl red, 194 

Methyl violet, 484, 513 

Methylene blue, 512, 515 

Mexico, imports of raw stock from, 77-80, 83-85 
Micron, 715 

Microorganisms, 186-9, 715 
Microscope, 715 
Microscopic, 715 
Micum, tannin from, 276 
Mildew, 186 

Miljie, tannin from, 274 
Milk, use in leather finishes, 584-5 
Milling, 438 
Mining dyes, 511-3 

Mimosa, tannin from various species of, 277 
Mineral oils, 507, 625, 715 
Minibari, tannin from, 274 
Mirbane, oil of, 568, 592 
Mixing tank for lime liquors, 227 
Moccasin leather, raw stock for, 168 
Mocha leather, raw stock for, 168 
Moellon degras, 432, 491, 507-8, 624, 715 
Molds, 71, 186, 454-67, 715 
growing in leather, photomicrographs, 454-5 
Mplle, tannin from, 278 
Monel metal, 393-4 
Montan wax, 589, 715 
Monterey pine, tannin from, 277 
Mordant, 715 

Mordant Yellow (dye), 484 
Morocco, import restrictions, 106 
imports of raw stock from, 80-2 
tannins from, 278 
Morocco leather, 715 
raw stock for, 168 
Mountain ash, tannin from, 276 
Mountain gum, tannin from, 275 
Mountain hickory, tannin from, 274 
Movement into sight, of raw stock, 75-6 
Mucedinaceae, 458, 466 
Mucilages, use in leather finishes, 586-8 
Mucoraccae, 457 

Muhurain bark, tannin from, 275 
Mulga, tannin from, 274 
Mureci, tannin from, 275 
Muriatic acid, (see hydrochloric acid) 

Muscle tissue, 19, 34, 51 
Musk, 598 
Mycelium, 457 

Myrica, tannin from various species of, 277 
Myrobalans, acids in, 304 
control of pH value with, 286 
cost of, 293 


Myrobalans, domestic consumption, 281 
extract, imports, 279 
fixation value of, 298 
imports of, 279 
in dyeing, 516 
penetrating power of, 298 
stability of, 294 
sugars in, 304 

tannin content of, 279, 282, 292, 293 

N 

Nance, tannin from, 277 
Nangapirih gwazu, tannin from, 276 
Naphtha, 568, 609-11, 613, 628 
Naphthalene, 715 

Naphthol Yellow (dye), 512, 515 
National dyes, 515 

Native hides, definition of, 16, 149, 715 
Natural color, 481 
Natural dyestuffs, 516, 715 
Nauclea gamhir, tannin from, 277, 284 
Navy Blue (dye), 513, 515 
Neatsfoot oil, 470, 483, 490, 669 
Needle bark, tannin from, 276 
Nemathelminthes, 234 
Neolan dyes, 515 
Neomerpin, 553, 715 
Neradol, 414 
Nerve granules, 21 
Nerve papilla, 39, 55 
Nerves, photomicrograph of, 37 
Netherlands and colonies, import restrictions, 106 
imports of raw stock from, 18, 77-83 
trade agreements, 89 
Neutral solution, 715 
Neutralizing chrome-tanned stock, 451-2 
Neutrigan, 715 
New Blue (dye), 515 
New Caledonia, tannins from, 274-5, 278 
Newfoundland, imports of raw stock from, 77, 
79, 81, 83-4 

New South Wales, tannins from, 274-6, 278 
New York Hide Exchange, 138 
New Zealand, imports of raw stock from, 77-9, 
81-3 

tannins from, 275-7 

Nicaragua, imports of raw stock from, 77-8, 83-5 
tannins from, 277 
trade agreement, 89 
Nigeria, import restrictions, 106 

imports of raw stock from, 77, 80-1 
Nigeria Black (dye), 559 
Nigrosine (dye), 514, 558-9, 567, 626 
Niter cake, in making sole leather, 619-20 
Nitrobenzene, 592 
Nomenclature of hides, 16, 18 
Nontannins, definition of, 71 5^ 

Nopco, 715 
Nopcol, 621 
Nopcolene, 621 
Nopcowite, 715 

North Country carnauba wax, 589 
Northern America, tannins from, 274-5, 277-9, 
284 

Northern Europe, tannins from, 274-S, 277 

Northern India, tannins from, 277-8 

Norway, imports of raw stock from, 77-81, 83-4 

Norway spruce, tannin from, 274 

Nuclease, 463 

Nucleus, 21 

Nutricod, 715 


o 

Oak gum, tannin from, 278 
Oak-bark extract, acids in, 304 
cost of, 293 

domestic consumption, 280 
domestic production, 279 
fixation value of, 298 
imports of, 279 
penetrating power of, 298 
stability of, 294-6 
sugars in, 304 
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Oak-bark extract, tannin content of, 292-3 
at different Baume readings, 289 
use in dyeing, 516 
tannin from, 283 

Ocotea, tannin from various species of, 277 
Offal, 716 

import duties on, 86, 90 
Oil of eucalyptus, 566, 592-3, 715 
rairbane, 568, 592, 716 
sassafras, 592-3, 716 
thyme, 592, 716 

Oil skirting leather, chemical composition at dif- 
ferent depths below grain surface, 644 
Oil tanning, 430-3 
Oil wheel, 618-20 
Oiling off, 716 
Oiling shearlings, 487 

Oils used in fatliquoring and stuffing, 490 
Oil-spreading, 27 

Oil-wheeling sole leather, 619-20, 716 

Oleic acid, 481, 491, 507 

Oleo-stearine, 482 

Olive Brown (dye), 514 

Olive oil, 480 

One-bath chrome-tanning materials, 387-8 
general properties, 395-407 
One-bath process, 363-4, 716 
Ooze leather, raw stock for, 168 
Open-vat method of leaching, 284-5 
Orange chrome yellow (pigment), oil-absorption 
value of, 590 

Orange mangrove, tannin from, 275 
Orange shellac, 588 
Organ, definition of, 20 
Organic pigments, 590 
Organ-pipe leather, raw stock for, 168 
Oropon bate, 239-40, 246, 258-61, 716 
Orthochrom finish, 600, 602-5, 716 
Orthoclear finish, 600, 602, 604, 716 
Osage orange, 516, 716 
tannin from, 277 

Ostrich leatliTer, raw stock for, 168 

Osyris, tannin from various species of, 277 

Ounce (as a measure of thickness), 446, 716 

Overflow liquor, 309, 716 

Overshot buffer, 485, 551-2, 716 

Overweight kip, definition of, 16, 716 

Ox, 716 

Ox blood, 558, 586, 605 

Oxalic acid, 621, 700 

Oxalis gigantea^ tannin from, 277 

Oxidation of tannins, effect of pH value, 301 

Oxidizing agent, 716 

P 

Pacific Coast hides, definition of, 17, ISO, 716 

Pacific post oak, tannin from, 278 

Pacific states, tannins from, 274-5, 277-9 

Packer hides, definition of, 17, 716 

Packing leather, raw stock for, 168 

Paddle vats, photographs of, '198, 209, 215, 218 

Paddle wheel, portable, 210 

Paecilomyces, tannin from, 466 

Pagatpat, tannin from, 278 

Paispearl, 590, 716 

Pakuri, tannin from, 278 

Palestine, import restrictions, 106 

imports of raw stock from, 77, 80, 82 
Palmitic acid spew, 490 
Palo bianco, tannin from, 277 
Palo rosa, tannin from, 274 
Panama, imports of raw stocks from, 83 
Pancreatic enzymes, 39, 238-9, 246, 716 
Pancreol, 716 

Para red (pigment), oil-absorption value of, 590 
Parachlor-meta-cresol, 466 
Paraffin oil, 480, 486, 507, 607, 628 
Paraffin wax, 625-6 
Paraguay, import restrictions, 106 
imports of raw stock from, 85 
tannins from, 274-80 
Paranitrophenol, 194, 592, 716 
Parasites, hide damage by, 111-24 
Parchment leathers, raw stock for, 168 


Pasting, 543-6, 716 
Patchouly, 598 
Patent Blue (dye), 512 
Patent leathers, 607-13 
chemical composition of, 643 
finishing, 607-13 
import duties on, 86, 91 
photomicrographs of, 610-2 
properties of, 664, 671, 674, 682, 684 
raw stock for, 168 
Pattern^ of a hide, 59-60, 716 
Paullinia sorhilis, tannin from, 277 
Paypay, tannin from, 277 
Pea wattle, tannin from, 274 
Pearl finishes, 590-1 
Peccary, 716 

Peeling pasted leather from plates, 541 
Peltophorium dubium, tannin from, 277 
Penetrating power of vegetable-tanning materials, 
298-300 

effect of pH value on, 299 
Penetration, 716 
Penicillium, 463, 465-6 
Pentacme suavis, tannin from, 277 
Penta-meta-gigalloyl-beta-glucose, 272 
Pepper box, 114-5, 716 
Permanganate bleach, 454 
Permeability of leather to water vapor, 664-7 
Persia, (see Iran) 

Peru, import restrictions, 106 
imports of raw stock from, 77-8, 80-1, 83-5 
tannins from, 275, 277 
Petrolatum, 628 
pH scale, 192-3 

pH value, effect on alum tanning, 418-20 
bating, 240-51 
Calgon tanning, 423-7 
chrome tanning, 401-3 
fatliquoring, 470, 484, 486, 500 
formaldehyde tanning, 421-2 
Leukanol tanning, 417-8 
plumping and falling, 256-7 
quinone tanning, 435 
soaking, 197 
tungstate tanning, 434 
vegetable tanning, 352-8 
measurement of, colorimetric, 194-6 
electrometric, 290-1 
Phenol, 591-2 
Phenol red, 194 

Philippine Islands, import restrictions, 106 
imports of raw stock from, 77-8, 82 
tannins from, 275, 278-9 
Phosphine (dye), 513, 515, 559 
Phosphorated oils,^ 430, 505-7, 716 
Phyllanthus emblica, tannin from, 277 
Phyllocladus, tannin from various species of, 277 
Physical possession of hides without virtual own- 
ership, 136-7, 160 

Physical structure of leather, 632-8 
Piagao, tannin from, 279 
Piano leather, raw stock for, 168 
Picea, tannin from various species of, 277 
Pickers, rawhide, 630, 634-5, 643 
chemical composition of, 643 
photomicrograph of, 630 
Pickling, 70-1, 265-7, 717 
Pigeon manure, use in bating, 237-8 
Pigment finishes, 558-9, 566, 717 
Pigment leathers, 565-6, 717 
Pigments, oil-absorption values of, 590 
use in leather finishes, 589-91 
Pigment-grinding mill, 558 
Pigskins, (see hogskins) 

Pihkasurembiu, tannin from, 275 

Pile-up of leather, 717 

Piling sole-leather crops, photograph, 616 

Pilo-motor nerves, 27 

Pindo, tannin from, 275 

Pine, tannin from, 277 

Pin-seal leather, raw stock for, 168 

PinuSy tannin from various species of, -277 

Pipey leather, 129-30, 717 

Piptadenia, tannin from various species of, 277 
Pistacia, tannin from various species of, 277 
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Pithecolobium dulce, tannin from, 277 
Placing' hides in deliverable condition, 155 
Plantation gambler, 284 
Plastic, 717 

Plasticizers, 558, 594, 717 
Plating, 485, 561-2, 579, 717 
Plump hides, definition of, 17 
Plumping, 256-8 
Plunger for mixing liquors, 211 
Pneumatic leather, raw stock for, 168 
Pocketbook leather, raw stock for, 168 
Poland, import restrictions, 106 

imports of raw stock from,^ 77, 79-80 
Polygonum, tannin from various species of, 277 
Polyvinyl chloride, 597 
Pomegranate, tannin from, 277 
Poor pattern from improper flaying, 125, 717 
Poplar, tannin from, 277 
Populus tremula, tannin from, 277 
Porosity of leather, 667-70, 717 
Portfolio leathers, finishing, 604 
raw stock for, 168 
Portugal, import restrictions, 106 
imports of raw stock from, 80, 84 
Portuguese Africa, import restrictions, 106 
imports of raw stock from, SO, 83 
Post-mortem changes, 717 
Potassium permanganate, bleaching with, 454 
Potato-dextrose agar, 459, 462 
Pox, 122 

Pratt’s Manual, 134 

Precipitation test for chrome liquors, 375 
Premium grades of hides, 152 
Pressing, 315, 438, 717 
Press-over system, 296-7, 324-5, 717 
Price-fluctuation limitation for hides, 155 
'Price multiples for hides, 154 
Prices, hide, 134-6, 160 
Prickles, 21 

Prickly pear, tannin from, 276 
Primal finish, 600, 603, 605, 717 
Pritch pole, 61, 717 ' 

Producers, hide, 132 
Properties of leather, 629-703, 71 7 v 
vegetable-tanning materials, 272-305 
Prosopis ohlonga, tannin from, 277 
Protea, tannins from various species of, 277 
Protease, 242, 463, 717 
Proteins used in leather finishes, 584-6 
Protoplasm, 21 

Prussian blue (pigment), in linseed-oil varnishes, 
610, 613 

oil-absorption value, 590 
Pseudotsuga taxifolia, tannin from, 277 
Psychrometer, sling, 531 
Psychrometric tables, 533 
Pteridophyta, 187 
Puddling, 609 
Puer shop, 238, 717 
Puering, 237, 717 
Pulling a hide pack, 72, 717 
Pump for vegetable-tan liquors, 334 
Pump logs. 308, 717 
Pumca granatum, tannin from, 277 
Purchasing hides and skins, 170-99 
Purity of vegetable-tanning materials, 717 
Putrefaction, 71, 129-30, 186 
Putting out, (see setting out) 

Pyropissite, 589 
Pyroxylin, 593-8, 717 


Q 

e uandony, tannin jFroni, 276 
uehrachia lorentsii, tannin from, 277, 280-1 
Quebracho extract, 
acids in, 304 
bisulfiting, 288 
cost of, 293 

domestic consumption, 280 

effect of pH value on precipitation of, 302-3 

fixation value of, 298-300 

imports of, 279 

method of preparation, 280-1 

penetrating power of, 298-300 


Quebracho extract, stability, 294-6 
sugars in, 304 
tannin content of, 292-3 

at different Baume readings, 289 
use in dyeing, 516 

e ueensland, tannins from, 274-5 
uercitron bark, 516, 717 

Quercus, tannin from various species of, 277-8, 
282-3 

Quinone, 718 

Quinone tanning, 434-5 

Quirin wringer, 439, 486, 488-9, 615 

Quotations for hides, committee on, 139 

R 

Raffinase, 463 

Randall & Stickney gauge, 357 
Raspberry jam wood, tannin from, 274 
Raw sienna (pigment), oil-absorptiort value of, 590 
Raw umber, in linseed-oil varnishes, 609, 611 
Rayox, 718 

Razor-strop leather, raw stock for, 168 

Recording hygrometer, 533 

Red alder, tannin from, 274 

Red cebil, tannin from, 274 

Red gum, tannin from, 276 

Red iron bark, tannin from, 276 

Red mallet, tannin from, 276 

Red mangrove, tannin from, 275 

Red oak, tannin from, 278 

Red pine, tannin from, 277 

Red wattle, tannin from, 274 

Red yezomatsu, tannin from, 277 

Reducing agent, 364, 718 

Redwood, tannin from, 278 

Redwood, use in making drums and vats, 393 

Reeling, 226-7 

Relative humidity, 530-9, 718 
effect upon chamoising, 433 
drying of leather, 540-2 
properties of leather, 655-9, 666-7, 671-8, 
685-6, 700 
tables, 534-9, 718 
Rennet, 463 

Reptile leather, import duties on, 87, 92 
raw stock for, 168 
skins, imports of, 83 
Residue, 718 

Resilience of leather, 683-6, 718 
Resins, use in leather finishes, natural, 588 
synthetic, 593-8 

Resorcine Brown (dye), 480-1, 484, 513, 515 
Restricted-import countries, 106, 718 
Reticular laj'er, 30, 32, 718 
Reticulin, 39, 718 
Rhatany, tannin from, 277 
Rheedia braailiensis, tannin from, 278 
Rhizophora, tannin from various species of, 278, 
282 

Rhodamine (dye), 515 

Rhus, tannin from various species of, 278, 284, 
589 

Ribbon gum, tannin from, 275 
Rinderpest, 106 
Ringworm scars, 123-4 
Rinse liquor, 615 
Rinsing, 615, 617 

Robinia pseudacacia, tannin from, 278 
Rocceline (dye), SIS 
Rock salt, use in curing, 63 
Rocker yard, 323-S 
Roller leather, raw stock for, 168 
Rolling: leather, 569-70, 621-2, 626, 718 
Rollinia, tannin from, 278 
Rosin, 588, 607, 718 
Rough-barked apple, tannin 'from, 274 
Round-belting leather, 168 
Round-leaf moort, tannin from, 276 
Rubber latex, use in leather finishes, 593, 603, 718 
Rubber beds, 579 
bolsters, 579 
rolls, 451 

Rumania, import restrictions, 106 
imports of raw stock from, 80 
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Rumex, tannin from various species of, 278 
Rumpers, 60-1, 718 
Run pelts, 234, 718 

Russet side leather, chemical ^ composition at dif- 
ferent depths below grain surface, 644 
Russia (see Union of Soviet Socialist Republics) 
Russia calf leather, 16, 598, 718 


Sabal, tannin from various species of, 278 
Saddle leather, finishing, 607, 627 
import duties on, 86, 90 
raw stock for, 168 
Safranine (dye), 484, 511, 515, 559 
Sal bark, tannin from, 278 
Saladero hides, definition of, 17, 718 
Salai bark, tannin from, 275 
Salix, tannin from various species of, 278 
Salmon gum, tannin from, 276 
Salmon skin, grain pattern of, 57 
Salometer, 264-7, 718 
Salophilic bacteria, 69 
Salova, 485 

Salt (see under various operations) 

Salt stains, 126-9, 718 
Salt thrower, 64, 718 
Salvador, imports of raw stock from, 83 
trade agreement, 89 
Samming, 521-3, 718 
Sandalwood oil, 598 
Sanitary control of imports, 96-107 
Santobrite, 466, 592, 719 
Sassafras, oil of, 592-3 
Saturated air, 528-30, 719 
Saudi Arabia, import restrictions, 106 
imports of raw stock from, 79-81 
Saw palmetto, tannin from, 278 
Sawdust, use in samming, 522-3 
Scabies, 120-1, 719 
Scalp, 25 * 

Scar tissue, 33, 114 
Scarlet oak, tannin from, 277 
Schinus molle, tannin from, 278 
Schizomycetes, 187 
Schizophyta, 187 
Scored hides, 125, 719 
Scotch fir, tannin from, 277 
Scotch grain, 719 

Scott tensile-strength machine, 647, 691 
Scratches on hides, 108-9 
Scudding, 217-20, 260, 719 
Sealskin leather, raw stock for, 168 
Sealskins, imports of, 84 
Seasonal dilferences in raw stock, 17, 37 
Seasonal period of take-off, definition of, 17 
price adjustment for, 152 
Seasoning machine, 550, 626 
Seat-cover leather, raw stock for, 168 
Sebaceous glands, 27-8, 40-3, 202-5, 719 
Sebum, 719 

Selection factors for hides, 151, 719 
Selection of hides for specific leathex'S, 166-9 
Septa, 457 

Sequoia sempervirens, tannin from, 278 
Serial-table putting-out machine, 474 
Setting-out cylinders, 451 

Setting-out leather, 439-44, 474-7, 620, 625, 719 
Sex, effect upon quality of raw stock, 16 
Shank, 719 

Shanking cylinder, 452 
machine, 475 

Shark leather, 92, 168, 638, 642-3, 671, 674, 682, 
684 

Sharkskins, imports of,^ 84 
Sharpening agents in liming, 222-3, 719 
Shaved weight, 451, 719 
Shaving cylinder, 452 
leather, 447-50 
machines, 442-3, 448-52, 719 
Shearling leathers, 168, 385-7, 486, 643, 664, 
719 

Sheepskins, photomicrographs of,* 48-9, 52, 232-3, 
249, 319, 381, 387, 635 
(see under all appropriate chapter headings) 


Sheep wool, photomicrograph of segment of, 49 
Shell, 719 

Shell cordovan, 53, 384, 641 
Shellac, 557, 566, 588, 670, 719 
Sheridan press, 574-8 
Shipping damage to hides, 130 
Shirlan, 719 

Shoe-upper leather, raw stock for, 169 
Shorea, tannin from various species of, 278 
Shoulder, definition of, 614, 719 
Shrink temperature of leather, 418, 421-2, 432, 
719 

Shrinkage in curing, 63-4, 69-70 
Siam (see Thailand) 

Sicily, tannins from, 278, 284 
Side, definition of, 719 
Side floorsmen, 60 
Sig water, 719 
Silica tanning, 435 
Silver finishes, 590 
Silver fir, tannin from, 274 
Silver leather, finishing, 607 
import duties on, 87 
Silver mallet, tannin from, 276 
Silver tree, tannin from, 277 
Silver wattle, tannin from, 274 
Silver-leaved wattle, tannin from, 274 
Silver-topped gimlet, tannin from, 275 
Sitka spruce, tannin from, 277 
Skin, definition of, 16, 719 
Skinning bed, 61 

Skirting leather, raw stock for, 169 
Skivers, 416, 431, 719 
raw stock for, 169 
tanning for white leather, 390 
Slack tanning, 719 
Slaughter, 60 

Slicking, 476, 477, 626, 719 

Sling psychrometer, 531, 719 

Slipper leather, raw stock for, 169 

Slunks, 17, 485, 551, 719 

Small-packer hides, definition of, 17, 59, 719 

Smooth-barked apple, tannin from, 274 

Smoothplating, 485, 561, 562, 579 

Snakeweed, tannin from, 277 

Snow bush, tannin from, 275 

Snuffing, 719 

Soak fleshing, 720 

Soaking raw stock, 176-182, 191, 196-200, 720 
Soaps, 491, 720 

Soccerball leather, import duties on, 87, 91 
Soda ash, 720 (see under various operations) 
Sodium alginate, 587 
Sodium bifluoride, 106, 720 
Sodium bisulfate, 619, 720 
Sodium bisulfite, 288, 454, 706 
Sodium chloride (common salt), (see under vari- 
ous operations) 

Sodium cyanide, 223, 720 

Sodium dichromate, 363-8 

Sodium formate, 391-2, 402, 420, 720 

Sodium hydrosulfide, 207-31, 720 

Sodium metaphosphate, 422-27, 720 

Sodium nitrite, 485 

Sodium oleate, 487, 491 

Sodium oxalate, 402-3 

Sodium pentachlorphenate, 466 

Sodium permanganate, 720 

Sodium phenolate, 591 

Sodium silicate, 435 

Sodium silicofluoride, 106 

Sodium sulfate (see under various operations) 

Sodium sulfhydrate (see sodium hydrosulfide) 

Sodium sulfide, 207-31, 720 

Sodium thiosulfate, 363 

Sodium triphosphate, 424 

Sodium tungstate, 434, >20 

Solcod, 720 

Sole leather, 86, 90, 169, 225-8, 322-39, 614-28, 
643, 664, 671, 674, 684, 687-90 
Sol-Neats, 720 

Solubility of water in air, 528-39 
Solvents, lacquer, 594 
Somaliland, import restrictions, 106 
tannins from, 274 
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Sonneratia pagatpat^ tannin from, 278 
Sour dip for sole leather, 621, 720 
South Africa, tannins from, 277 
South American hides, 70 
Spain, import restrictions, 106 

imports of raw stock from, 80, 82 
Spanish chestnut, tannin from, 275 
Specific gravity, apparent of leather, 705 
of liquids, conversion tables, 265, 288 
Specific heat, 26, 720 

Specifications for deliverable hides, 147-50 
Speculation, effect on hide market, 161 
in hides, 136-7, 160, 162-3 
Spent oak bark, demand for, 283 
Spent tan, 720 
Spermatophyta, 187 

Spermolepsis gummifera, tannin from, 278 

Spews, 490, 720 

Spirilla, 188-9, 720 

Splenic fever, 115 

Splits, 720 

chemical composition of, 643 
import duties on, 86, 90 
strength of, 664 
Splitting, 443-7, 720 
effect on properties of leather, 651-4 
Splitting horse, 322, 720 
Splitting machine, 445-7, 720 
Sponging sole leather, 621, 721 
Sporangium, 457 
Spot hides, 721 
Spot trading, 137 
Spotted gum, tannin from, 275-6 
Spray finishing, 571, 721 
Spreading of oils, 468, 721 
Spreads, 67-8 

Spready hides, definition of, 17, 721 
Spruce extract, cost of, 293 
domestic consumption, 280 
fixation value of, 298 
in vegetable-tanning, 309, 316 
penetrating power of, 298 
preparation of, 283 
stability of, 294 
tannin content of, 292-3 
Stability of vegetable-tanning materials, 294-6 
Stag hide, definition of, 16, 721 
Staking, S23-6, 540-2, 561, 570, 721 
machines, 524-5, 529 
Standard quality of hides, 147 
Staphylococci, 189, 721 
Starch gum, 588 
Starches in^ finishing, 588, 670 
Statice coriaria, tannin from, 278 
Stearic acid spew, 490 
Stearine, 625 

Steerhide, definition of, 16, 721 
Steerhides, photomicrographs of, 111-3, 116-8, 339, 
383, 623, 626, 629, 632-3 
(see under all appropriate chapter headings) 
Stephanofilariasis, 121-2 
Sterigmata, 458, 466 
Stick lac, 588 
Stick vats, 307-15, 721 
Stickers, 60, 721 
Sticking piece, 60-1, 721 
Stilbaceae, 458 

Stirrup leather, raw stock for, 169 
Stock liquor, 309, 721 
Stock rooms for leather, 585-6 
Stone age, leather from, 272 
Storage of certificated hides, 144 
Storage tanks, 330 
Straight hair, cause of, 50 
Straits Settlement, import restrictions, 106 
Strap leather, finishing, 627 
import duties on, 87, 91 
raw stock for, 169 
Strength of leather, 645-64 
Streptococci, 189, 721 
Stretch of leather, 645-64 
Stringy bark, tannin from, 276 
Strips, hogskin, 19, 77~!3 

Stryphnodendron harhatimao, tannin from, 278 
Stuffing greases, 507, 625 


Stuffing leathers, 468-509, 625, 721 
Stuffing mill, 481 
Stunted wattle, tannin from, 274 
Styrax, 598 
Sucking lice, 115 

Sudan, tannin from, 274, 276-7, 279 
Sudoriferous glands, 25, 26, 44, 721 
Suede leather, 169, 485, 551-3, 637, 639, 643, 
664, 671, 674, 682 
Sugarbush, tannin from, 277 
Sugar gum, tannin from, 276 
Sugars, in making chrome liquor, 364 
in sole leather, danger of excessive amounts, 627 
in vegetable-tanning materials, 304 
Sulfides, 207-31 

Sulfite cellulose (see Spruce extract) 
Sulfo-glyconeats, 484 
Sulfonated castor oil, 485, 558 
coconut oil, 388, 430 
cod oil, 481, 590, 620, 624 
linseed oil, 558, 599, 605 
neatsfoot oil, 469-70, 478, 483, 487, 496-501 
oils, 495-501, 590, 670, 721 
Sulfur dioxide, 364-8, 721 
Sulfur monochloride, 568, 627 
Sulfuric acid, destructive action on leather, 694- 
700 

use in bleaching vegetable-tanned leather, 452-4, 
617-8 


Calgon tanning, 423-30 
deliming, 239-40, 258 
fatliquoring, 470, 484 
pickling, 265-7 
plumping, 358 
Sumac, cost of, 293 
domestic consumption, 280 
domestic production, 279 
imports of, 279 
in dyeing, 478-9, 516 
stability of, 294 
stainless, 484 

tannin content of, 278, 284, 292-3 
Sundri bark, tannin from, 276 
Sungra katus, tannin from, 278 
Sunning patent leather, 613, 721 
Superficial fascia, 19, 721 
Super-spruce extract, 283, 721 
Surface tension, 721 

Suspender-strap leather, raw stock for, 169 

Swabbing, 558, 721 

Swamp gimlet, tannin from, 276 

Swamp pine, tannin from, 277 

Sweat chamber, 231, 721 . 

Sweat glands, 25-6, 44, 721 
Sweating, 231-4, 722 
Sweden, import restriction, 106 
imports of raw stock from, 77-9, 82-3 
trade agreement, 89 
Sweet fern, tannin fi'om, 277 
Swelling, 722 

Switzerland, import restrictions, 106 
imports of raw stock from, 77-80, 83 
trade agreement, 89 
Synektan, 418, 722 
Syntans, 414-18, 722 
Synthesis, 722 
Synthetic resins, 593-8 
Syria, import i*estrictions, 106 
imports of raw stock from, 80 


T 

Tabique, tannin from, 279 

Tacking leather, 479, 519, 526, 722 

Tacky, 722 

Tacky finish, 60S 

Tail vat, 324, 722 

Tail-pullers, 60-1, 722 

Take-off, standard of, 148, 722 

Take-up of hides, 148 

Talh, tannin from, 274 

Tallow, 482, 625 

Tamarisk, tannin' from, 278 

Tamarix, tannin from various species of, 278 

Tamol, 416, 483-4, 722 
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Tamwood, tannin from, 275 
Tan-liquor heater and cooler, 335 
Tanak, 418 
Tanasol, 418, 722 
Tanbark oak, tannin from, 277 
Tangal, tannin from, 275 
Tanigan, 389, 417, 722 
Tannase, 303, 463, 464 
Tannin, definition of, 722 
errors in analysis of, 291 

strengths of liquors at different degrees 
Baume, 289 
Tannins, 272-305 

distribution through thickness of leather, 347 
penetration into raw stock, 344-7 
Temper of leather, 679-83, 722 
Tanoy], 430, 470, 473, 484, 486, 505, 722 
Tapia gwazu-ih, tannin from, 274 
Taps, import duties on, 86, 90 
Tara pods, tannin from, 275 
Tare allowance, 722 
Tariff act, 86-96 
Tartar emetic, 478-9, 722 
Tartrazine (dye), 512 
Tarwar, tannin from, 275 
Tasmania, tannins from, 277 
Tawing, 418, 722 

Taxis cuspidata, tannin from, 278 
Tea, tannin from, 275 

Tearing resistance of leathers, 654, 663-4, 723 
Temper of leather, 679-83, 722 
Temperature control of animal body, 25-30 
Temperature, effect of (see under various opera- 
tions) 

Tempering sole leather, 616-7, 722 
Tenderable grades of hides, 146 
Tensile strength of leather, 645-64, 722 
Tergitol, 722 

Terminalia, tannin from various species of, 278-9, 
282 

Texas fever, 115 

Texas steerhides, definition of, 16-7, 149, 722 
Textile leather, raw stock for, 169 
Thailand, impoit restrictions, 106 
imports of raw stock from, 79, 82-3 
Thallophyta, 187, 722 
Thann, tannin from, 279 
Thermodynamics', 722 
Thermostat, 722 

Thermostat layer, 23, 25, 48, 722 
Thickness of leather over area of calfskin, 645-8 
of various satisfactory leathers, 664 
Thorny wattle, tannin from, 274 
Three-arm staker, 486-7, 722 
Thyme, oil of, 592 
Thymol Blue, 194 
Thymus vulgaris, 592 
Ticks, 115-6 

Timbo, tannin from, 275 

Time, effect of (see under various operations) 

Tin crystals, 722 

Ti-^Pure, 389, 722 

Tissue, definition of, 20 

Titanium dioxide, 388-90, 590, 722 

Titanium potassium oxalate, 484 

Titanox, 388, 722 

Title to hides, 156 

Tizra sumac, tannin from, 278 

Toggle, 722 

Toggling, 490, 526-8, 723 
Toluene, 594 

Toner Brown (pigment), oil-absorption value of, 
590 

Toner Yellow (pigment), oil -absorption value of, 
590 

Tooling leather, 574, 723 
Top buffing, 553 
Top finish, 723 

Tormentilla erect a, tannin from, 279 
Trade agreements, 87, 89 
Tragacanth, 587, 723 
Tragasol, 419, 430, 587, 723 
Transfer of certificated hides, 144 
Transferable notice for hides, 156 
Transvaal, tannins from, '277 


Trehalase, 463 
Trianol dyes, 511-14 
Triazol^ Brown (dye), 515 
Trichilia, tannin from various species of, 279 
T'.”ethr.--’rmir.e. 481, 507, 723 
T-im c: iiMc, 148 
Trimming leather, 566, 568, 570, 723 
raw stock, 176-7 
Triton, 553, 723 
True skin, 19, 20, 23, 723 
Trypsin, 39, 242, 723 

Tsuga, tannin from various species of, 279, 284 
Tuberculariaceae, 458 
Tungsten tanning, 434 
Tunisia, import restrictions, 106 
imports of raw stock from, 80, 83, 85 
Turkey, import restrictions, 106 
imports of raw stock from, 80, 82 
tannins from, 278 
Turkey oak, tannin from, 277 
Turner thickness gauge, 446 
Tutu, tannin from, 275 
Twaddell hydrometer, 288, 723 
conversion tables, 288 
Two-bath process, 363, 723 
Two-toning, 60S 


V 

Ultramarine (pigment), oil-absorption value of, 
590 

Umbellularia calif ornica, tannin from, 279 
Unctuous, 723 

Unglazed wax enamel leather, finishing, 602 
Unhairing, 201-36 
machines, 212, 215, 224 
Unhairing cylinders, 451 
Union of South Africa, import restrictions, 106 
imports of raw stock from, 77-82, 85 
Union of Soviet Socialist Republics, import re- 
strictions, 106 
tannins from, 274, 278 

United Kingdom, imports of raw stock from, 18, 
77-9, 81-3, 85 
trade agreement, 89 
Unloading hides at tannery, 171 
Upholstery leather, finishing, 604 
import duties on, 87 
raw stock for, 169 
Urea, 723 
Urease, 463 

Uruguay, import restrictions, 106 

imports of raw stock from, 77-9, 81-3, 85 

V 

Vacuum evaporator, 281, 723 
Valonia, acids in, 304 
cost of, 293 

domestic consumption. 280 
fixation value, 298 
imports, 279 

penetrating power of, 298 
stability of, 294 

tannin content of, 277, 282, 292-3 
use in dyeing, 516 
Valve leathers, raw stock for, 169 
Van Dyke Brown (pigment), oil-absorption value 
of, 590 

Varnish coat, 613, 723 
Vaseline, 482 
Vat, 723 

Vateria indica, tannin from, 279 
Vegetable gum, 588 
Vegetable tanning, 306-62, 723 
materials, 272-305 
Veins, 34 

Veiny leather, 127, 129, 723 
Venecian finish, 485 
Venetian sumac, tannin from, 278 
Venezuela, imports of raw stock from, 77, 80-1, 
83-5 

tannins from, 279 

Ventilating properties of leather, 663-71 
Vici kid. 723 



744 


MODERN PRACTICE IN LEATHER MANUFACTURE 


'V'ictoria Violet (dye), 513, 515 

Vinylite resin, 723 

Virginian sumac, tannin from, 278 

Virtual ownership of hides, 136-7, 160 

Viscols, 568, 723 

Vitriol, oil of (see sulfuric acid) 

Voids in leather, 723 

Volleyball leather, raw stock for, 169 

Vulcanized oils, 568, 627 

w 

Waist-belt leather, raw stock for, 169 
Wallaby skins, 19 
imports of, 84 

Wallaby leather, raw stock for, 169 
Wallet leather, raw stock for, 169 
Walrus leather, import duties on, 92 
Wandoo, tannin from, 276 
Warble fly, 111-5 
Warehouse receipts for hides, 144 
Warehousing for hides, comraitteee on, 139 
Warm-water pool, 228, 723 
Warts, 124, 723 

Washer leathers, raw stock for, 169 
Washing leather, (see under various operations) 
raw stock, 179-81, 219 

Water content of leather, effect of relative hu- 
midity, 672-4, 685 
Water for tannery use, 185-6 
Water oak, tannin from, 278 
Water buffalo leather, 636 
Waterless moellon, 480, 482 
Waterproofing sole leather, 627-8 
Wattle bark, acids in, 304 
cost of, 293 

domestic consumption, 281 
fixation value, 298, 300 
imports, 279 

penetrating power of, 298, 300 
stabilitjr of, 294-6 
sugars in, 304 

tannin content of, 282, 292-3 
use in dyeing, 516 

Waxes, use in leather finishes, 588-9, 670 
Wear resistance of leather, 685-90 
Weeping blue, tannin from, 277 
Weeping willow, tannin fi'ora, 274 
Weighing hides as received at tannery, 170-1 
Weimannia glabra, tannin from, 279 
Welting leather, import duties on, "86, 90 
raw stock for, 169 

Western chinquapin, tannin from, 275 

Western hemlock, tannin from, 279 

Western larch, tannin from, 277 

Wet-and-dry bulb thermometer, 531-3, 724 

Wet shaver, 443 

Wetting agent, 724 

Wheel, 724 

Wheeling. 438, 724 

Whip leather, raw stock for, -169 

White birch, tannin from, 275 

White box, tannin from, 276 

White carnauba wax, 589 

White connective tissue, 36-7 

White elk side leather, finishing, 600 

White fatliquor, 486 

White kid leather, 637, 643, 664 


White leathers, 388-90, 429-30, 486, 599-600 

White mallet, tannin from, 276 

White mangrove, tannin from, 274 

White oak, tannin from, 277-8 

White quebracho, tannin from, 274 

White sheep pouch bag leather, finishing, 600 

White shellac, 588 ^ 

White spruce, tannin from, 274 
White sumac, tannin from, 278 
White willow, tannin from, 278 
Whitening harness leather, 625, 724 
Whitening cylinder, 452 
Whitening machine, 625 
White suede leather, fatliquoring, 486 
Wild grain (see marbled grain) 

Wild willow,, tannin from, 274 
Willow, tannin from, 278 
Willow wattle, tannin from, 274 
Wilson-Kern method of tannin analysis, 292 
Wire damage to hides, 109-11 
Woburn thickness gauge, 579 
Wooden horse, 72, 268, 472, 713 
Woodfordia floribunda, tannin from, 279 
Wool-clipping machine, 488, 724 
Wool grease, 482 
Wool-pullers, 231, 724 
Wool Violet (dye), 484 
Woolly-butt, tannin from, 276 
Workmen’s glove leather, 637-8 
Workshoe-upper leather, 480, 643, 664, 671, 674, 
682, 684 

Wringing leather, 438-41, 619, 724 
Wringing machines, 439-40, 619 
Wrist-watch strap leather, raw stock for, 169 

X 

Xitnenia americana, tannin from, 279 
Xylia dolabriformis, tannin from, 279 
Xylocarpiis, tannin from various species of, 279 

Y 

Yaguarataih, tannin from, 275 
Yards, 307, 313, 343, 369-71, 378, 382, 724 
Yarran, tannin from, 274 
Yeasts, 186, 303, 621 
Yellow connective tissue, 36-7 
Yellow willow, tannin from, 278 
Yew, tannin from, 278 
Yhsapih-ih, tannin from, 275 
Yhva-iha, tannin from, 277 
Yhva-jhay puihta ^wazu, tannin from, 276 
Yhva-poroitih, tannin from, 276 
Yhva-viyu, tannin from, 276 
Yhvihra-pere, tannin from, 274 
Yhvihra puihta, tannin from, 277 
Yield of leather, 724 
Yon, tannin from, 274 
York gum, tannin from, 276 
Yugoslavia, import restrictions, 106 
imports of raw stock from, 78-81, 85 
Yukeri gwazu, tannin from, 277 

Z 

Zymase, 463 

Zisyphus, tannin from various species of, 279 




